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FOREWORD 


The AMPS final report is submitted by Martin Marietta in aceord- 
ance with Data Procurement Document Number 486, Revision A, of 
Goddard Space Flight Center Contract NAS8^31689. 

The AMPS final report consists of seven volumes. They are: 

Volume 1 DR MA-05-A Executive Summary Report 

►Volume 2 DR SE-Ol-A Mission Support Requirements Document 

Volume 3 DR SE-02-A Interface Control Documents 

Part 1 AMPS Payload to Shuttle ICD 

Part 2 AMPS Payload to Spacelab ICD 

Part 3 AMPS Payload to Instruments ICD 

Volume 4 DR SE-03-A Specifications 

Part 1 AMPS Program Specification 

Part 2 Labcraft Payload General Specification 

Part 3 Labcraft Instrument Systems 

General Specification 

Volume 5 DR SE-04-A Deleted per Paragraph I, Attachment A, 

Request for Proposal under Changes 
Clause, dated 8/31/76 

Volume 6 DR SE-05-A Instruments Functional Requirements 

Document 

Volume 7 DR MA-04^A Program Analysis and Planning for Phase 

C/D Document 

Volume 8 DR MF 003R-A Program Study Cost Estimates Document 
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INTRODUCTION 


1.1 PURPOSE 

This AMPS MISSION SUPPORT REQUIREMENTS DOCUMENT (MSRD) defines the 
science objectives, the experiment and instrument requirements and 
documents the total ground and mission related requirements to be imple- 
mented by GSFC and other NASA centers for each AMPS/Labcraf t mission. 

The MSRD fits into the Amps requirements hierachy as shown in Figure 1-1. 

1.2 SCOPE 

This MSRD identifies and defines the AMPS mission support require- 
ments which are applicable to the first AMPS flight. This document will 
be revised and reissued for each succeeding flight. It identifies the 
Flight 1 hardware Flight Support Equipment (FSE) Instrument/Ground 
Support Equipment (GSE) compliment and requirements for certification and 
verification, Ground Support Equipment (GSE) and facilities, mission 
planning, experiment coordinated operations , flight operations, software, 
and post flight activities , and is intended to provide the inputs required 
by other NASA centers for long range planning and implementation of AMPS 
Flight 1. The format and content of this document will be modified and 
updated in subsequent issues to provide direct input to other NASA 
centers implementation documentation as fol lows ; 

A. Johnson Space Center (JSC) flight and mission planning and 
operations documents and plans. 



operations plans, requirements 


B. Kennedy Space Center (KSC) ground 
documents, and schedules, 

C. Goddard Space Flight Center (GSFC) and other centers support 
requirements. 


Payload operations control and relationships with other centers will be 
identified and interface requirements outlined for mission and payload 
flight control . 



* or Addenda, depending 


Figure 1-1 AMPS Program Documentation 







1 . 3 OVERVIEW 


The AMPS Program includes the design, development, integration and 
operations of an orbital research laboratory which provides for science 
investigations in the areas of atmospheric, magnetopheric and plasma 
physics. The AMPS program uses instruments developed by government 
agencies, universities and industry, then couples these with AMPS pecu- 
liar Labcraft support equipment, and the Spacelab/Orbiter to form the 

AMPS Spacelab Payload. How these elements are brought together is 
described in subsequent sections of this document and is summarized in 
Figure 1-2. Labcraft hardware and software will be developed along with 
ground and test support equipment needed to augment that already under 
development for the Orbiter, Spacelab and Multiuse-Mission Support Equip- 
ment (MMSE) . The AMPS Labcraft will use FSE designed and built by the 
prime contractor which will be combined with Government Furnished Pro- 
curement (GFP) FSE (eg Small Instrument Pointing System (SIPS) and MMSE) 
on the Spacelab Pallets. AMPS instruments which have been flight certi- 
fied by the GSFC will be integrated into the Labcraft payload, at the 
prime contractor's site, and functional verification of the payload 
operational characteristics performed. After initial assembly and check- 
out the payload will be shipped to KSC for final configuration assembly 
and functional checkout at the AMPS Labcraft KSC Payload Handling 
Facility (PHF) prior to going on line with the time critical Spacelab and 
Orbiter ground operations activities. These on line activities start 
with the Spacelab integration and then proceed to integration with the 
Orbiter of the total AMPS Spacelab Payload. The Orbiter is then mated 

, ■ ' ■ ■ 1-3 



CALENDAR YEA 


PROGRAM ELEMENT 


AMPS 

SCHEDUII 

SUMMARY 


AMPS 

INSTRUMENTS 


AMPS 

PAYLOAD 

INTEGRATION 


AMPS 
FLIGHT 
AND GROUND 
SUPPORT EQUIPMEN 


AMPS 

SOFTWARE 


MULTIUSE 

MISSION 

SUPPORT 

EQUIPMENT 


SPACELAB 

EQUIPMENT 




FAR-IR 

SPCCTROICTER 


ELEanOM 

ACCELERATOR 

SYSTEM 


lONG-l£AD-ii.VE 

INSTRUMENTS 


C3P 




8 


beam Itritknr »»EAR.1R 

OIAGTWSITICS package SPGCTROMETER 


DELTA 

INSTRUMENTS 

FOR 

ADDITIONAL 

FUGHTS 


MODERATE-LEAD-TIME. 

INSTRUMENTS 


neutral mss 

SPECTROMETER 


potential 

ANALYZER 


VECTOR 

mCNETOMETER 



CONTAMINATION 

MONITOR 


SHORT-l£AD-TIME 
INSTRUMENTS s 


ANALYSES/REQUIREMENTS 

PLANS 


DESIGN REVIEWS 
INTERFACE CONTROL 
PROCEDURES 


VERIFICATION 





CONTROLS 
I DISPLAYS 


SUPPORT STRUCTURE 
A MOUNTING BRACKETS 



I 


electrical/mechanical 

GROUND SUPPORT EQUIPMENT 


FUNCTI ONAL REQU I REMENTS 
SPECIFICATION DEVELDPMENl 


CODING/OEBUGGING 


SYSTEM INTEGRATION 
VALIDATION 





MINIMOUNT 

WITH 

ENVIRONMENTAL CANISTER 



SmiL- INSTRUMENT 
POINTING SYSTEM (SIPS) 




L 1 

1-4 ipLDOUi' 


TWEE PULLETS 


Figure 1-2 AMPS Development Plan 





















with the other STS elemente and launched. After the mission Is completed 
and the Orbiter lands the Payload is demated and proceeds into 
maintenance, refurbishment reconfiguration and preparation for the next 


Labcraft flight. 


2 . APPLICABLE DOCUMENTS 

The following documents, of the issue shown, form a part of this 
requirements document . 

applicable 

DOCUMENT 

NUMBER TITLE 

^ ’ Space Shuttle System Payload Accommodations, JSC 07700, 

Vol, XIV, Rev D, Change 16 

2. Spacelab Payload Accommodations Handbook, ESTEC, SLP/2104 

May, 1976 

^ ‘ Spacelab GSE Allocation and Requirements Plan, MSFC, 

40A99005, June 25, 1976 

Spacelab GSE Items Description Document, MSFC, 40A99006, 
June 25, 1976 

5, Launch Site Accommodations Handbook for STS P/Ls, 

K-STSM-14.1, June 1976 

6v . Safety Policy and Requirements for Payloads Using the 

National Space Transportation System, NASA HQ, June 1976 

7. Safety, Reliability, Maintainability, and Quality 
Provisions for the Space Shuttle Program, NHB 5300.4 
(lD-1), August 1974 

8. Baseline Operation Plan, JSC (TBD) 

9. Specification, AR1NC-404A, Air Transport Equipment Cases 

and Racking, 15 March 1974 . . 



2. APPLICABLE DOCUMENTS (Continued) 

APPLICABLE 

DOCUMENT * 

NUMBER TITLE 

10* Military Standard, Human Engineering Design Criteria for 

Military Systems, Equipment and Facili ties, MIL -STD -147 2A, 
15: May, 1970. 

11. KSC Spacelab Operational Turnaround Allocation, 16 April 

1976. 


12 . 


13. 

14. 



16, 


17. 


18. 


19 . 


Space Shuttle System Payload Interface Verification Plan, 
JSC-07700-14'-PIV-01. 

Contamination Control Handbook NASA SP-5076 
Specification; Contamination Control Requirements for the 
Space Shuttle Program SN-C-0005 

Federal Standard, Clean Room and Work Station FED -STD 
No. 209B 

Specification, Space Shuttle Fluid Procurement and Use 
Control JSC SE-S-0073 

Method of Siz ing and Counting Airborne Particulate Con- 
tamination in Clean Rooms and Other Dust-Controlled Areas 
Designed for Electronics or Similar Applications ASTMF 25 
Method of Test for Continuous Counting and Sizing of 
Airborne Particles in Dust Controlled Areas by the Light 
Scattering Principle, ASTMF 50 

Procedure for the Determination of Particulate Contamina- 
tion of Air in Dust-Controlled Spaces by the Particle 
Count Method, SAE-ARP-743 



2. APPLICABLE DOCUMENTS (Concluded) 


APPLICABLE 

DOCUMENT 

NUMBER TITLE 

20. Vacuum Stability Requirements of Pol 3 mieric Material for 

Spacecraft Applications, Sept. 9, 1974, Lyndon B. Johnson 
Space Center, SP-R-0022A 

21. A Compilation of Outgassing Data for Spacecraft Materials, 
NASA Technical Note, September 1973, TND 7362 

22 . A Compilation of Low Outgassing Polymeric Materials 

Normally Recommended for GSFC Cognizant Spacecraft, 

July 1971, N71-36913 


23 . Thermal Degradation of Polymeric Materials, III, Thermal 

Outgassing of Some Plastics, Lockheed Missiles and 
Space Co . , Sunnyvale , California , January 19 6 6 , N7 1 - 7 03 83 . 



3. 


baseline MISSION description 

3-1 mission depinition 
T he first AMPS SpaceU^^^^^^ 

r: " "" -- “ — o„ . ;rzr" : 

IS planned for a duratinn ^ The miss io 

ration of Seven {7's • • 

c«a„d„. Speclaxir” ^ ““ 

-vea, and capaMU.daa ,,,, ^ 

Sp^ca iPanaportatioa syatan, and 0 d- ^»^tr„„ants. 

Sronnd and adndonne axpa • ’ ae 

“ experiment snpport eyateme xh. 

‘--™e„ta and tde P.perlmanta are ate„„ •„ 37 ;""'“ “ 

to be aecompUshed by the etperimenta are d- ' ' 
requirements from „hlch the orbital • Ihe »,rsslon 

--re 3U.1. ,, ^ bpaoZ^^rit"" " 

in Section 4.2:. ^gnration is shown 


3.2 


experiment. DES CRIPTIONS; 


Ike night 1 experiments are (1) Acoustic Gravlt H 

(I) A^ospherle Hlnor Constituent Profiles, <3> ne t 

C4) EMI and Orblter ^lahe Mapping (5) p. o- 

: ^ PP OS. (5) Partipulate and Gas Effluence 



Contaminant Studies and (6) Solar Flux Calibration Monitor. A more 
complete discussion and description of these experiment requirements 
(e.g. basic design, integration, operations, verification, and launch) 
is given in Appendix A, 
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Figure 3 . 1-1 Payload Experiment Operations Requirements 



































3.2.1 ACOUSTIC GRAVITY WAVE GENERATION 


Acoustic gravity waves consisting of low frequency bulk wave motions 
in the upper atmosphere that propagate under the restoring force of the 
earth's gravity field provide an important energy transfer process of 
atmospheric dynamics. This AMPS experiment is designed to study the 
generation and propagation mechanisms of these wave fields. The plan 
calls for the high altitude (200 +50 km) release of a significant 
amount of a neutral gas (70 kg of nitrogen) injected at orbital velocity 
near the sunset terminator. The gas is released by a module ejected from 
the payload with a ^V of +5 m/sec and deployed to a safe separation dis- 
tance from the Orbiter. The release expansion takes less than a second 
and provides a virtual point source for the rapidly expanding gas cloud 
as it interacts with the ambient atmosphere and comes to a halt. The 
momentum/ energy pulse generates a propagative wave field to be observed 
by the backscatter radar of the Arecibo Ionospheric Observatory and by 
a three-station network of RP sounders (Figure 3.2-1). The experiment, 
to be performed six times on the first flight, requires six gas release 
modules (Section 12 .2) . The magnitude and altitude of the releases are 
to be held constant, while the range of the release points to the ground 
radar is varied (2 at 0 km, 2 at 100 km range, 2 at 200 km range) . 

The initial phase of the gas cloud expansion is optically observed 
both from a ground station (Figures 3.2-1 and 2) and from the AMPS pay- 
load to study the dynamics of the release and initial interaction with 
the atmosphere. The release is seeded with an optically active material 
to make the release visible by solar resonant scattering. Both stations. 



Subsequent observe 


are equipped with low-light-level (L ) TV cameras, 
tions employ the Areciho supplemented by the RT sounders to map the 
propagation and decay of the traveling wave field. 
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Orbiter in Viewing 
Range for Approximately 



Figure 3.2-2 Conditions for Optical Viewing 


3.2.2 ELECTRON BEAM STUDIES 

Energetic charged particle beams are an important tool for many 
areas of AMPS magnetospheric and plasma physics experimentation. The 
primary objective is to determine the operation characteristics of the 
electron beam from the Orbiter and to study spacecraft charging and 
neutralization. This investigation is performed using two modes, both 
of which utilize the electron accelerator. In Mode 1, just prior to 
fit^ng the electron beam along the axxs of the Orbxter, a plume of 
nitrogen gas is released by a pallet-mounted gas release system. 

Mode 1 must be performed during dark side passes to permit viewing of 
the beam/gas interaction. 
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Figure 3.2^3 Electron Beam Studies - Mode 1 OptiGal Observations 
of Beam Structure 

As the plume disperses , the electron beam is fired through it as shown 
in Figure 3 •2-3 • Interactions of the energetic electrons with the 
nitrogen molecules give a visible indication of the beam s true tue and 
^^haracteris tics against a dark sky background* The beam is observed by 
the onboard-directable low- light- level TV camera mounted on the end of 
the Remote Manipulator System (RMS). Relative pitch angles of the beam 
with respect to the geomagnetic field vector are monitored by a vector 
magnetometer also mounted on the RMS to reduce the effects from Orb iter - 
generated magnetic fields. The TV camera is also used during this mode 
to observe the Orbiter for any visible corona-type discharges of large 
electric fields caused by charge buildup. These indications are 
correlated with vehicle potential measurements made by the Mode 2 beam 
diagnostic package, which includes a Faraday cup to measure beam current 



an electrostatic analyzer to measure particle energies, and a plasma 
potential probe. The beam direction with respect to the magnetic field, 
as in Mode 1, is monitored and controlled by the fluxgate vector magnetom 
eter. Mode 2 relies on monitoring instruments inserted into the beam and 
does not require dark conditions, It should be noted that all of the 
diagnostic instruments for both Modes 1 and 2 are combined into a single 
instrument module mounted on a 2. 5-meter extension boom for deployment 
by the RMS as shown in Figure 3.2-4. 



Figure 3.2-4 Electron Beam Studies - Mode 2 Mapping by In Situ 
Diagnostic Sensors 


3.2.3 ATMOSPHERIC MINOR CONSTITUENT MAPPING 


A long-term objective of the AMPS program within the atmospheric 
sciences is concerned with the understanding of the role of key minor 
constituent abundances and distributions, and the possible impact of 


their variations on both terrestrial life and on the general climate. 

An understanding of these phenomena requires a carefully programmed 
series of investigations, A broad goal, assigned to AMPS is the deter- 
mination of stratospheric/mesospheric minor constituent altitude profiles, 
and the study of the dynamics of the mesosphere/lower thermosphere. The 
specific Flight 1 objective is to provide an observational test of 
photochemical/transport models by means of a high spatial resplution 

global ozone distribution* 

The key elements to be determined in the study of this problem are 
identified in Figure 3.2-5, Many parameters contribute to the observed 
global distribution of minor constituents. The incoming solar ultra- 
violet radiation drives a wide variety of photochemical reactions, 
producing a number of relevant minor species . The solai^ UV ^^<^i^tion 
also produces atmospheric heating to the observed atmos- 

pheric temperature structure. The thermaT structure in turn drives the 
notions which are inherent to the dynamical behavior of these atmospheric 
regions, and also controls the rate of many photochemical and chemical 
reactions through the temperature dependence of the rate coefficients . 
Finally, both natural and man-produced catalytic agents introduced into 
the troposphere are transported to the stratosphere/mesosphere where they 
impact the resulting chemical processes and abundances. All these factors 
combine according to their relevant spatial and temporal scales to pro- 
duce the global distributions of minor constituents. 
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Figure 3 .2-5 Elements of Minor Cons tituent Investigation 









Considerations, of estimated concentrations, instrument signal-to- 
noise ratios, estimates of sampling requirements, and considerations of 
various transport scales lead to the need for a 5 degree by 5 degree map- 
ping grid for the distribution of the minor constituents, such as ozone. 
To obtain statistically reliable samples of data, essentially full time 
operation of the indicated instruments is required during the seven-day 
flight, as shown in Figure 3.2-6. A hard-mounted, nadir-pointed laser 
sounder is used to determine OH, 0^ and NO profiles by means of two 
tunable, UV dye lasers. A cryogenically cooled limb scanning radiometer 
maps the vertical profiles of H^O, CH^, N^O, HNO^, NO^, cio, and the 
ch loro f lour ome thanes . A cryogenically cooled interferometer / spectrometer 
^ 1 igned with the radiometer obtains data for analysis of suspected 
constituents with abundances in the parts per billion and trillion range. 

Finally, a near infrared spectrometer used in a solar occultation 
mode obtains vertical profiles of HCl, OH, and N^O, for this analysis. 

As indicated in the orbital instrument timeline (Section 12 . 2) the entire 
array of instruments operates during all available orbital time, and 
concurrently from multiple pointing platforms which permit simultaneous 
viewing of different type target areas in order to provide the world-wide 
grid of data. On the basis of these data, the following results are 
expected ; (1) identification of dominant transport modes in the lower 

stratosphere, (2) a determination of the fluxes of Nitric Oxide trans- 
ported from the high latitude auroral regions to mid -latitudes, 

(3) identification of fine structure (secondary maxima) in the ozone 
profiles, (4) a determination of chemical/ photochemical relaxation 
times from diurnal variations of abundances, (5) a determination of 


vertical fluxes of N^O from the troposphere into the stratosphere, 

(6) a measure of the vertical and latitude profiles of eddy transport 
coefficients. 


3.2.4 ELECTROMAGNETIC INTERFERENCE (EMI) MAPPING 


EMI field mapping determines the electromagnetic noise environment 
of the combined Orbiter and AMPS Spacelab payload, This baseline infor- 
mation is essential for planning experiments in later flights. The 
close-in space about the payload bay is mapped by a diagnostic EMI 
package deployed and traversed on the RMS as shown in Figure 3.2-7. 

This diagnostic package includes a broadband single-axis E-field dipole, 
a single axis B-field monitor, a Langmuir probe, and an ion mass spec- 
trometer. After the close-in mapping is completed > this inodule is 
ejected from the payload as an environmental sensing probe to obtain 
a profile of the EMI field at greater distances. 



Figure 3.2-7 EMI and Orbiter Wake Mapping 
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3.2.5 ORBITER WAKE MAPPING 


Understanding the plasma wake characteristics of the Orbiter provides 
a foundation for plasma wake experiments scheduled for later flights. 

The complete EMI mapping instruments serve here in combination with a 
planar Retarding Potential Analyzer (RPA), and a neutral mass spectrom- 
eter. As illustrated in Figure 3.2-8, the Orbiter attitude with respect 
to the ambient plasma flow is the primary variable for both close-in 
and far-field mapping, as the Orbiter slowly rotates about its X-axis . 

Upon completion of near-field measurements, the ejection trajectory 
traverses the Orbiter downstream wake three times at ranges between 1 
and 4 kilometers. 



Figure 3.2-8 Flight 1 - Orbiter Wake and EMI/Far -Field 
Mapping Trajectory 


3.2.6 PARTICULATE AND GAS EFFLUENCE MAPPING 

The integrated environmental contamination monitor developed for 
Orbiter flight tests is used to define the baseline environmental condi-- 
tions required to support experiment planning in later flights. This 
package contains a variety of instruments including a mass spectrometer, 
photometers to measure particle-scattered light, and quartz crystal 
microbalances to measure ambient gas and particulate cloud column den- 
sities, and the surface contamination buildup. The mass spectrometer 
mounted with the EMI package provides additional in-situ information on 
neutral gas species at locations outside the payload bay. 

3.2.7 ABSOLUTE SOLAR FLUX MONITOR CALIBRATION 

In support of the analysis of long-term calibration capabilities of 
solar flux instruments deployed on automated satellites, an array of 
spectrometers covering the spectral range 300 to 3000 angstrons (Fig- 
ure 3.2-9), is included as part of the AMPS instrument payload on AMPS 
Flight 1, and all subsequent flights. These instruments are bore- 
sighted with a sun tracker and mounted on a limited-range gimbal that 
permits the Orbiter to be put into a free drift mode while the solar 
measurements are made, at the desired rate of once per day. As indi- 
cated in the minor constituents discussion, the solar ultraviolet flux, 
and possible variations , either differential or absolute are important 
to the photochemistry and thermal structure of the stratosphere/ 



mesosphere. In order to study possible correlations of relevant 
atmospheric parameters with possible solar flux variations, the calibra 
tion monitor is operated in coordination with the other required instru 
ments, indicated in the orbital time-line in Pigure 3.^ 


Altitude, 

km 


The region near 1800 angstroms 
is not well established and is 
critical to ozone abundance 



Figure 3 : 2-9 Absorpti^^^ by the Atmosphere 

Solar ultraviolet flux incident on stratosphere/mesosphere. The 
region near 1800 A is not well established, arid is critical to ozone 
abundances . 


3.3 MISSION AND SCIENCE OBJECTIVES • 

The mission and science objectives serve as the basis for payload 
definition. These objectives were developed for five AMPS flights, as 
shown in Table 3.3-1. The objectives for these flights are shown to 
provide continuity and visibility from flight to flight. The Plight 1 
objectives are expanded and listed below. 
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Table 3,3-1 Mission/Scientific Objectives 


Objectives ReXat^ 

1 

; 2 ^ ■ 

3 

4 ■ 

5 

Study of Strato- 

Minor 

Minot 

Transport Effects 

Transport Effects 

Determination of 

spherlc/Mesospheric 

Constituent 

Constituent 

on Minor 

on Minor 

Fundamental 

Composition, Energy 
Budget, and Chemic t.; 
Transport Process 

Mapping 

Mapping 

Constituent 

Distributions 

Constituent 

Distributions 

Atomic/Molecular 
Rate Parameters 

Investigations of 

Generation of 

Ionospheric 

E B Origin 

E and B Field 

Generation of 

Magnetospheric/ 
Ionospheric Coupling 
Processes 

Artificial 

Gravity 

Waves 

Conductivity 

Modification 

HF Wave/Particle 
Interactions 

Ionospheric 

Conductivity 

Modification 

Mapping 

HF Wave/ Particle 
Interactions 

Field-Aligned 

Currents 

VIF Wave/ Particle 
Interactions 

Study of Fundamental 

Beam-Plasma 

HF Wave 

Beam Excitation 

. Beam/ Plasma Wave 

Beam Excitation 

Plasma Processes 

Interactions 

Injection/ 

Instability 

Generation 

of Atmospheric 
Emission 

Generation 

i or Auroral 
Processes 
Alfven Wave 
Generation 

Determination of 
Physical Processes 
Associated With 
Plasma Flows 

Shuttle Wake 
Studies 

Tes t Body/ Plasma 
Flow 


Test Body/Plasma 
Flow 

V-Critical Study 



1 


study the source mechanism, propagation characteristics 
and other properties of naturally occurring gravity waves 
in the earth' s atmosphere by generating artificial gravity 
waves . 

2. Study the nature of energetic particle beam interactions 
with the neutral and ionized atmosphere in the vicinity 
of the Shuttle. 

3. Study the role of trace constituents in the chemistry and 
dynamics of the atmosphere by remote excitation and sensing 
and provide diagnostic measurements for plasma/atmosphere 
interaction experiments. 

4. Gather short term solar data to aid in the calibration of 
long term solar flux instruments, 

5 . Map the local EMI, parttculate , and gas effluence to provide 
for subsequent data correlation* 

Only Flight I is covered in detail in this document. 
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4 . 0 INSTRUMENT COMPLEMENT 


The Flight 1 instrument complement is shown in Table 4-1 along with 
the experiment it supports and the major FSE that is required to support 
the instrument. The FSE is defined and discussed in detail in Section 7 
and the instruments in subsequent paragraphs. 

4.1 INSTRUMENT DESCRIPTIONS 

A description of each instrument used on Flight 1 is provided in 
the following sections. 

4.1.1 GAS RELEASE MODULE 

The gas release module provides the capability for releasing 
gas after the module has been ejected from the payload bay and is a 
safe distance from the Orbiter. The physical configuration of the 
gas release module is shown in Figure 4.1-1 and 4.1 -2. The location 
in the payload is shown in Figure 4,2-1. As shown in Figures 4,1-1 
and 4.1-2, a gas release module consists essentially of a tank with 
gas release system, equipment module including an RF command link 
to the Orbiter to arm and initiate release , ejection system, thermal 
control system, and support structure. 



Table 4-1 Flight lExperiment/lnstrument/FSE Summary 


Experiment 

Short Title 

Flight Support Equipment/Labcraft 

Acoustic Gravity Wave 

Gas Release Module 
OBIPSTL^TV) 

Ejection Mechanism 
Pointing Platform 
Launch Locks (mpm) 
installation Support 
Control & Display 

Communications & Data Handling 
integrated Equipment Module 
Gas Release Ordnance 

Electron Beam Studies 

Electron Accelerator 
Gas Plume Release System 
OBIPS (L^TVon RMS) 

Vector Flux Gate Magnetometer 
Faraday Cup, Electrostatic Analyzer, 
Plasma Potential Probe 

Pulse Power Supply 
1 nteg rated Equipment Module 
Battery Power Supply 
Communications & Data Handling 
Control s Display 
Sensor Deployment 

Atmospheric Minor 

Constituents 

Profiles 

Laser Sounder 

Cryo-Gooled Far- IR Radiometer 
Near-IR Spectrometer 
Cryo-Cooled interferometer/ 
Spectrometer 

Pulse Power Supply 
Pointing Platforms ( 2 ) 
1 installation Support 
Thermal Canister 
Launch Locks (mpm) 

EMI Field Mapping and 
Space Shuttle Wake 
Measurements 

E-Field Power Spectral Density 
Analyzer 

B-Field Antenna and Receiver 
Langmuir Probe 
Ion Mass Spectrometer 
Vector Magnetometer 
Planar RPA 

Neutral Mass Spectrometer 

integrated Equipment Module ~~ 

Communicatio ns & Data Handti ng 

Battery Power Supply 

Sensor Deployment 

Spin Table 

Installation Support 

Ejection Mechanism 

Particulate and Gas 
Effluence 

Integrated Environmental 
Contamination Monitor 

Installation Support 

Solar Flux Calibration 

Array of Spectrophotometers 
(300 to 3500 A) 

installation Support 
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Figure 4.1-1 Gas Release Module Configuration 



Figure 4,1-2 Gas Release Module System 
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Each of the six tanks is approximately 33 inches in diameter and 
consists of a 3300 psi (6600 psi burst) titanium sphere containing a 
neutral gas (nitrogen). One tank with its enclosed gas weighs 348.2 lbs 
(158 kg). Two linear charges are located diametrically opposite each 
other on each tank. When detonated, these charges will cut two holes in 
the tank as indicated in the figure (side view). 

Two communications requirements have been identified for the 
deployed gas releases. The first involves tracking of each deployed gas 
release to verify trajectory and predict the timing of the release. 
Tracking will be accomplished using the Orbiter radar up to a distance 
of about 18,5 km, by which time the release trajectory will have been 
computed. The second communication requirement involves the reception 
of a small number of commands to remotely arm the release mechanism and, 
subsequently, to energize the gas release. A simple, cost-effective 
approach has been selected which uses tone command signals transmitted 
from the AMPS payload in the Orbiter bay. Each gas release will require 
an S -band command receiver and omni-directional antenna for command 
reception. 

4.1.2 OPTICAL BAWD IMAGER AND PHOTOMETER SYSTEM (OBIPS) 

The OBIPS observes faiht, transient emissions from natural and 
artificial aurorae , gas/ chemical releases, and electron beam/ atmospheric 
interactions. Figure 4.1-3 shows the physical configuration of the OBIPS. 
Figure 4.1-4 shows the OBIPS general location on the RMS maneuvered 

. ■ ■ ■'/ ' . ; 4-4 , 



Beam Diagnostics Package and Figure 4.2-1 the location in the payload. 

The OBIPS is a system composed of separate subsystems that can be 
operated singly or in various combinations for a variety of applications; 
as such it serves as a core instrument for AMPS missions. Central 

components of each subsystem are camera units (one per subsystem) capable 

■ ■ ,3 ■ 2 ■ 

of 200 line TV resolution at faceplate illumination 7 x 10 ^ a/ cm and 

spectral definition of S-20 or S-25 photOcathode surface. The basic 
OBIPS will permit exchange of subsystems or components of subsystems 
whenever application or state of the art advances dictate. Subsystems 
will utilize lenses or mirror collecting systems providing fields of view 
(FOV) from nominal 16° down to an order of 1°, according to the desired 
application. Each will have the provision for interference filters or 
other monochromatic devices that can be inserted into the optical path 
by remote control during a mission. Light shields capable of 10 
rejection at 15° off pointing axis are required. Each subsystem will be 
capable of operating modes that include; (1) conventional TV raster scan- 
ning at 60 per sec, (2) integration modes over times ranging up to 2 sec, 
and (3) special scan modes to be defined. The subsystems can all be 
mounted on a platform permitting manual or computer controlled pointing 
over a full hemisphere centered on the spacecraft Z -axis . A1 ter na tely , 
single subsystems can be boom-mounted or otherwise rigidly attached on 
pallets or other points as the application dictates. The OBIPS system 
consists of four subsystems: (1) vis ible/ near IR imager; (2) ultraviolet 

spectrum imager; (3) visible/near IR photometer; (4) ultra'riolet 
photometer. 
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Figure 4.1-3 OBIPS Physical Configuration 
Flight 1 utilizes two of these subsystem units . A visible/near 
IR imager unit with sunshade as shown in Figure 4.1-3 is mounted on a 
Miniaturized Pointing Mount (MPM) on the aft pallet. This imager is 
used to view the gas release of the Acoustic Gravity Wave experiment. 
An ultraviolet spectrum imager is located on the equipment mounting 
boom for deployment by the RMS as shown in Figure 4.1-4. This unit 
is intended for use under dark conditions and does not require a sun 
shade. 
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Vector A/lagnetoirieter 



Figure 4. 1^4 Beam Diagnostics Package 
4.1.3 ELECTRON ACCELERATOR 

The Electron Accelerator provides the capability to inject electron 
beams with varying properties with the intent of exciting the local 
ambient plasma/ atmosphere, for determining electric and magnetic field 
distributions, and for the generation of plasma waves of varying 
characteristics . The physical character is tics are shown in Figure 4.1-5 
and the location in the payload for Flight 1 is shown in Figure 4.2^1. 
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Figure 4.1-5 Electron Accelerator 
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The electron accelerator consists of an electron gun, an output 
lens, and magnetic deflection coils. This accelerator will operate 
with a current output ranging from 0 to 7 amps, at voltages from 1 to 
30 KV. Beam operation can be DC or pulsed at variable repetition rates 
and pulse durations. Pitch angl4 spread is less than 5 degrees. 

In order to support the Level I Beam Diagnostics experiment, the 
instrument includes a gas release system which ejects a plume of nitorgen 
gas in front of the beam. The luminous interaction of the beam with this 
gas is viewed by the OBIPS camera (Figure 4.1-4) deployed on the RMS. 

■' V ' ■■ ■ 

4.1.4 BEM DIAGNOSTICS - LEVEL II 

The Beam Diagnostics determines the electron and ion beam flux 
densities, currents, energies; and, determines injected beam plasma 
potential. The physical configuration is shown in Figure 4.1-6 and the 
relationship to other instruments located on the RMS maneuvered Beam 
Diagnostics Package shown in Figure 4.1-4. 

This system consists of three instruments packaged for deployment 
bv the RMS into the electron beam. These instruments include a Faraday 
Cup psrobe, an electrostatic analyzer, and a cold probe. 
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Figure 4;i-6 Beam Diagnostics - Level II Configuration 


4,1.5 LASER SOUNDER (LIDAR) 

The Laser Sounder (Lidar) permits studies of the composition 
structure, and dynamics of the atmosphere to he. conducted by differential 
backscatter of injected laser beams. The physical characteristics are 
shown in Figure 4,1-7 and the location in the payload for Flight 1 is 
shown in Figure 4.2-1. 
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Figure 4.1-7 Laser Sounder 


The Lidar system consists of two laser emitters, with optical 
provisions for aligning and collimating the transmitted beam; a 
receiving collimated telescope for detection of the returned beam; and 
a detectpr/filter/electronics module for signal processing/diagnostic 
analysis of the backscattered radiation. The laser beam can be pulsed/ 
modulated over a range of pulse widths and repetition rates . 

4.1.6 CRYOGENIC LIMB SCANNER 

The Cryogenic Limb Scanner determines minor constituent and 
temperature profiles of the stratosphere and mesosphere by observations 
of infrared emissions from the earth's limb. The physical characteris- 
tics are shown in Figure 4.1-8 and the location in the payload bay is 
shown in Figure 4.2-1. Pointing of the instrument is accomplished by 
a SIPS . The scan perpendicular to the limb is accomplished internal to 
the ins trument . 

The instrument is an 0.6m diameter cooled-optics/sensor radiometer 
Detector arrays, with filters/apertures provide wavelength sensitivity 
from 4 to 30 microns. Electronics for power, control, timing and data 
processing and formatting are included. Cryogenic fluid handling hard- 
ware are also required. 
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Figure 4 . 1 - 8 Cryogenic Limb S canner 


4.1.7 NEAR INFRARED SPECTROMETER 


The Near Infrared Spectrometer measures vertical profiles of trace 
atmospheric gases by observations of atmospheric limb absorption using 
the sun as an occulting source. A Mlchelson Ihcerferometer senses the 
spectral range 1 to, 5 microns at a resolution of 0.01 x^rave numbers. 



The detector assembly requires cryogenic cooling. The physical charac- 
teristics are shown in Figure 4.1-9 and the location in the payload bay 
is shown in Figure 4.2-1. The instrument is pointed by means of an MPM 
located on the forward pallet. 
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Figure 4.1-9 Near Infrared Spectrometer 
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4.1.8 CRYOGENIC FAR INFRARED INTERFEROMETER SPECTROMETER 


The Cryogenic Far Infrared Interferometer Spectrometer surveys the 
far infrared from the earth's limb for determination of trace con- 
stituent abundances. The physical characteristics are shown in Fig- 
ure 4.1-10 and its location in the payload bay is shown in Figure 4.2-1 
It is pointed by means of the SIPS located on the center pallet. 
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Figure 4.1-10 Gryogenic Far Infrared Interferometer 
Spectrometer 



This device is a cryogenically-cooled Michelson interferometer 
with spectral resolution of 0.1 wave numbers or better over the 5 to 
50 micron wavelength-range. Detector arrays, signal processing elec- 
tronics and cryo hardware are included. 


4.1.9 EMI AND WAKE MEASUREMENTS PACKAGE 


The EMI and Wake Measurements package maps the electromagnetic 
emissions generated by the Orb iter/ Spacelab power system, and determines 
the EMI contributions and signatures of instruments such as the Lidar, 
electron accelerator, and RF plasma wave packages. Also maps the plasma 
properties inside/outside the Orb iter wake zone. EMI and Orb iter wake 
measuring hardware have been integrated into a deployable environmental 
sensing package (ESP) . The instruments include neutral and ion mass 
spectrometers, an E-field antenna, a B field antenna, a vector magnetom- 
eter, Langmuir probe and retarding potential analyzer. The physical 
characteristics of these instruments are shown in Figures 4.1- 11, 4. 1-12 , 
4.1-13, 4.1-14 and 4.1-15. The environmental sensing package arrange- 
ment is shown in Figure 4.1-16. 

4.1.10 PARTICULATE AND GAS EFFLUENT PACKAGE (CONTAMINATION MONITOR) / 

The contamination monitor maps the spatial and temporal distribu- 
tion of particulate and gaseous column densities of the induced Orbiter/ 
Spacelab environment. Also measures deposition rates . The integrated 
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Figure 4.1-11 Ion Mass & Distribution Analyzer 
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Figure 4.1-12 Retarding Potential Analyzer 
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Figure 4.1-"13 Vector Magnetometer 
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Figure 4,1-14 Langmuir Probe 
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contaminant monitor consists of an optical effects module, a particulate 
monitor, field-of-view cameras and a mass spectrometer for cloud coluron 
densities and composition. Additional instruments for deposition analy- 
sis include a sample array, dew point monitor, dust impact detector, 
and quartz crystal microbalance. The physical characteristics of this 
instrument are shown in Figure 4.1-17 and the location within the payload 
bay is shown in Figure 4.2-1. 
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Figure 4.1-15 Neutral Mass Spectrometer 


4-19 



RMS Interface 


Structural 

Frame 



Spin and 

Separation 

System 

Multilayer 

insulation 


Removable 
Access Doors 


Legend: 


(T) Ferrite Core 

0 Ion Mass Spectrometer 

(?) Battery 

(j) Neutral Mass Spectrometer 

(D Retarding Potential Analyzer 

0 Langmuir Probe 

Vector Magnetometer 

0 Support Equipment 

0 Dipole 





R1 

CZ] 



Tl 

17. 9 In. 



o 

L 

_L_L 


Figure 4.1-16 Environmental Sensing Package 
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Figure 4.1-17 Contamination Monitor 


4 . 1 . 11 SOLAR FLUX CALIBRATION PACKAGE 


The Solar Flux Calibration Package is to provide calibration data 
for the solar flux monitors deployed on satellites for long term monitor 
ing of solar variations. The physical characteristics are shown in 
Figure 4.1-18 and the location in the payload is shown in Figure 4.2-1. 

The package consists of spectrophotometers for measurement of solar 
UV radiation from 300 to 3400 £ at ~1 angstrom resolution. Two minia- 
ture Ebert-Fastie monochromators sense wavelengths from 1150 to 3400 S. 

o , 

A pair of concave grating spectrometers measure the region 300-1150 A. 
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This instrument array is mounted on a gimbal platform along with a solar 
tracking system such that the Orbiter can be put into a free drift mode 
during measurement periods, ; 
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4.2 FLIGHT CONFIGURATION , ; " 

The AMPS Flight 1 configuration is shown in Figure 4.2-1 and 
4.2-2, and consists of the interconnecting tunnel and airlock, the short 
Spacelab pressurized module, three Spacelab pallets , FSE, the Orbiter 
Remote Manipulator System (RMS) and the instrument complement described 
in Section 4.1. Standard support equipment within the pressurized 
module, on the pallets and provided by the Orbiter are also considered 
as part of the AMPS Payload configuration. Figure 4.2-2 summarizes 





the AMPS major flight support equipment and the instrument from which 
the requirement was generated. A detailed list of FSE (Labcraft) hard* 
ware is listed in Section 7, and the support requirements on the Orbiter 
and Spacelab are found in Sections 5 and 6 respectively. 



Figure 4.2-1 AMPS Flight 1 Configuration 

The AMPS Flight 1 launch and landing weights and longitudinal 
center-of-gravity are within the Shuttle limitations as shown in 
Figure 4.2-3. 

The AMPS Flight 1 weight summaries are shown in Figures 4.2-4 and 
4.2-5. These figures show the weight distribution between the Spacelab 
pressure module, the pallets, the uitility bridges and the AMPS Payload 
unique hardware as well as Orbiter weight added due to the payload. 
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Side View 


Legend; 

I Lidar Receiver 1-1 
Electron Acceierator 1-9 
LWar Transmitter 1-1 
lECM 

Solar Flux Monitor IV-I 
OBIPS li-3 
Minipointing Mount 
High-Voltage Power Supply 


CryoLimb Scanner 11-7 
SIPS 

Cryo IR Interferometer Spectrometer II-IO 
Beam Diagnostics Package 
RF Terminal 

Near-IR Spectrometer in Environmental Canister 11-9 
Environmental Sensing Package 
Gas Release 1-21 


Figure 4.2-2 Flight 1 Instrument Locations 
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Figure 4.2-3 Payload Center-of -gravity 
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Figure 4.2-4 Payload Weight Distribution Summary 
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Figure 4.2-5 Payload Ascent & DiScent Weight Summary 
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4.2a PALLET CONFIGURATIONS 


Locations of individual instruments and supporting flight support 
equipment are shown in Figures 4.2-6, 4.2-7 and 4.2-8. 



I lidar Receiver 
Electron Accelerator 
LWar Transmitter 
lECM 

Solar Flux Monitor 
OBIPS 

Minipointing Mount 
High-Voltage P<mr SuppI 



Figure 4.2-7 Center Pallet 




Figure 4.2-8 Forward Pallet 


4.2.2 SUBSYSTEM CONFIGURATION DESCRIPTIONS 

The flight support equipment (FSE) required by the instruments and 
Spacelab and Orbiter to support the operation of the AMPS payload is 

discussed in the following paragraphs. 

structures and Mechanisms Subsystem - Installation of equipment, 
instruments and Labcraft is accommodated by the Spacelab provided 
pressurized module equipment racks and three meter pallets. All pallet 
mounted equipment interfaces at the provided hard points. Each three 
meter pallet segment has been designed as an individual unit to support 
independent integration and transport. Equipment arrangement was based 
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on field-of-view and payload center-of-gravity requirements. Equipment 
mounting hardware has been designed to interface with pallet hardpoints 
and, when required, position the instrument for optimum operation. 

Several t3q>es of mechanical devices are provided to support instru- 
ment and mission requirements . For example, a capture/ release mechanism 
is used for mounting the Beam Diagnostics Package and a pneumatic (ord- 
nance released) devxce xs used to eject the gas release modules. Other, 
types of mechanisms include ; springloaded (ordnance released) ejection 
for the ESP, antenna and sensor deployment for the ESP and Beam Diagnos- 
tics Package, emergency ejection for equipment which is deployed beyond 
the Orbiter payload dynamic envelope, an end effector to interface with 
the RMS and a spin table to rotate the ESP. 

Ther^n^l Control Subsystem - Two primary thermal control subsystems 
are used for this payload: 1) maximum use is nade of the Spacelab pro- 

vided capability, and low a/€ external coatings are used to cold bias 
equipment using heaters to control low end temperatures, cooling used for 
equipment located in the pressurized module is provided by the Spacelab 
Avionics air loop, as indicated in Figure 4.2-9, Pallet fixed mounted 
equipment are attached to Spacelab fluid loop cold plates for temperature 
control; 2) Multilayer insulation thermal shields are provided for each 
pallet to simplify thermal conditioning for components that do not 
require visible access to space and to minimize temperature variations 
within the pallets. Three mentods of control are provided for compo- 
nents extending beyond the thermal curtain: 1) cold biasing equipment 

using multilayer insulation and heaters , 2) thermal canister for 


instruments which require fine temperature control, and 3) open cycle 
cryogenic cooling for instruments requiring extremely low temperatures 
(assumed as an integral part of instrument design). 



Figure 4.2-9 Thermal System 

Electrical Power and Distribution Subsystem (EPPS) - Prime power 
is to be provided from the Orbiter fuel cells through Spacelab distri- 
bution. The AMPS instrument and Labcraft requirements (Figure 4.2-10) 
are met by this supplied capability. Conditioning of prime power is 
accomplished by: 1) Spacelab provided 400 Hz, three phase, 115/200 VAC 

inverters to furnish pointing platform power, 2) AMPS supplied peaking 
battery to support high power usage periods, and 3) high voltage pulse 
power/storage device to support the Laser Sounder and Electron Accelera- 
tor. Spacelab provided distribution to equipment racks and pallets is 
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used to supply 28 Vdc and 400 Hz power to convenient Interface boxes. 
AMPS power distributor assemblies provide individual instrument and 
Labcraft remote power control and protection on an individual pallet 
basis. Electrical harness definition for power and signal distribu- 
tion is based on integrated design for individual pallets. 



Figure 4.2-10 Electrical Power & Distribution 
System 

Attitude and Pointing Control Subsystem - Basic pointing of 
instruments is to be supplied by the Orbiter. Instruments whose point- 
ing accuracy and stabilization requirements fall within this capability 
are hard mounted to the pallet (Laser Sounder and Electron Accelerator). 
Multiple simultaneous orientation and fine pointing control is provided 
by three platforms as shown in Figures 4.2-6, 7 and 8. Attitude and 
rate sensing devices (fixed head star trackers and rate gyro packages) 
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are provided for target acquisition, fine pointing control and platform 

stabilization. Use of NASA provided multi-usage Labcraft platforms, 

such as the Small Instrument Pointing Sys tern (SIPS) and Miniaturized 
Pointing Mount (MPM), is envisioned as well as NASA standard low cost 
attitude and rate sensors. 

Data Management Subs vs tern - Pallet mounted instrument data handling 
capability is grouped into three categories; 1) low and 
digital housekeeping and science data, 2 ) high rate digitial science 
data, and 3) analog video data. The low rate digital data interfaces 
with the Spacelab computer through provided Remote Acquisition Units 
(RAU) as the interface diagram in Figure 4v2- 11 shows v This computer 

processes the data and either interfaces with the Control and Display 

available to the Payload Specialist or routes the data for recording or 
ground transmission. All instrument commands are routed through the 
Spacelab data bus and Remota Acquisition Units (RAUs) , which int^^^ 

with onboard control and display or ground; control via the Orbiter.^^^^^^^^^^^^^ 

High rate digital data is routed t^ provided high rate 

multiplexer which combines the incoming data from different sources 
and routes for recording on the Spacelab digital recorder or for ground 
transmission. Analog data handling consists of AMPS unique processing 
equipment. Video data can be displayed on a monitor in the Spacelab 
module, recorded for playback or tape return, or routed for ground 
transmission. 



MifaraM 
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Figure 4.2-11 Data Management Interfaces 
Control and Display Subsystem - The Spacelab provided cathode ray 
tube display, alphanumeric keyboard and function control keyboard is 
baselined for the majority of control and display tasks. Interfacing 
with the instruments and Labcraft equipment is accomplished through 
the data bus as presented in Figure 4.2-11. Dedicated control and 
display panels are provided for safety critical functions, for func- 
tions which are inherently manual in nature, pointing platform tracking 
control for viewing chemical or gas clouds, and for time displays such 
as GMT, orbit phase and event timing. An Orbiter provided control 
station (Figure 4.2-12) is used to support experiments which require the 
RMS to deploy instruments. The capability for using ground control of 
instrument/experiment operation is also included in the configuration. 
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I — Saflnq Commands from OrMtar 


Figure 4.2-12 Control and Display Subsystem 
Communications Subsystem - All payload data and coranand transmission 
to and from the ground is supplied via the Orbiter Band transmitter 
and the Tracking & Data Relay Satellite System (TDRSS). Digital data 
up to 50 Mbps is routed to the Orbiter via the Spacelab high rate 
multiplexer for real time transmission, or can be transmitted ' i celayed 
time from the Spacelab digital recorder. Analog and video data can be 
routed directly for transmission or recorded on AMPS provided recorders 
for delayed time transmission. 

Communication with RMS deployed or free flying modules is provided 
by an AMPS unique RF link. The pallet mounted RF terminal, which is 
common for all deployed packages, consists of an S-band command trans- 
mitter, receivers, RF multiplexer and antenna capable of receiving 
digital/video/analog data and transmitting commands, as shown in 
Figure 4.2-13. 
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Figure 4.2-13 Conununications Subsystem 

Each deployed package is configured with an RF system selected to 
accommodate the onboard instrument requirements. 

D eployed Instrument Support Subsystem Requirements for remote 
measurements in support of AMPS investigations led to grouping of 
closely related instruments into single packages. The recommended 
configuration for Flight 1 consists of' 

1. Gas release module (6 required) - High pressure gas bottle 
and necessary support equipment to achieve gas release at the 
proper orbital position. 

2. Beam Diagnostics Package - A series of instruments capable of 
measuring, while exposed to the electron beam, characteris- 
tics such as current density, particle acceleration energies 


and beam plasma. 
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Enviromnental Sensing Package - A combination of instruments 
capable of measuring electromagnetic interference levels and 
Orbiter wake characteristics at various positions with respect 
to the Orbiter payload bay when positioned by the RMS. 


5.0 ORBITER SUPPORT REQUIREMENTS 


The Orbiter hardware and subsystems support required by the AMPS 
payload are listed in Table 5^1. The Orbiter support items which are 
weight chargeable to the AMPS payload are accounted for in Figure 4.2-4 
(payload weight distribution summary). 

Table 5-1 Orbiter Support Requirements 


SUBSYSTEM SUPPORT REQUIRED 


Structures 


Thermal 


EPDS 


APCS 


DMS 


o Longeroii and keel fittings to support mounting 
of the Spacelab, tunnel, and pallets. 

0 RMS for dep loyment of instrument packages 
(including position data) . 

o Payload heat exchanger supported by radiator 
system to provide coolant at 40°C to payload. 

o Aft Payload Door Radiator Kit 

0 Fuel cell supplies Spacelab/payload power up 
to 369 kw-hrs . 

o Primary power distribution panel at ' 

Station 695. 

o Base stabilization provided by GN&C and RCS. 

o Initial payload pointing data utilizes state 
vector information. 

o PCM/MDM provides computer interface and inter- 
leaves 64 kbps of payload data. 

o GMT, MET, and clock signals. 

o Processing of payload data signals for RF 
carrier modulation/ demodulation. 
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Table 5. -1 


Orbiter Support Requirements (Cont) 


SUBSYSTEM 


Communications 


Crew 

Interface 


SUPPORT REQUIRED 

o Uplinking ground commands via S 6c Ku RE 
links. 

o Downlink payload data, 
o Tracking of deployed packages. 

o Air-to-ground and crew audio, 
o 

o RMS control. 

o Payload input to G6W system. 

o Support for 2 Payload Specialists 
for 7 Day Mission. 



6. SPACELAB SUPPORT AND CONFIGURATION 

The equipment required from the Spacelab inventory to support the 
AMPS payload is listed in Table 6-1. This table defines both basic 
Spacelab items (including subsystem support equipment needed to operate 
Spacelab) and mission dependent equipment provided by Spacelab but 
weight charageable to the payload. The list is presented by subsystem 
and includes location and estimated weight. 


Table 6-1 Spacelab Support Requirements 






BASIC SPACELAB 



Subsystem 

Equipment 

Location 

Quantity 

Weight 

(teg) 


Spacelab Module 

Module 

1 

3363.00 

6 Meter Pallet Train 

Pallet 1 6c 2 

1 

1236.00 

3 Meter Pallet 

Pallet 3 

1 

618.00 

SL/Orbiter Utility Bridge 

Module - Fwd 

1 

218.20 

Tunnel 

Tunnel 

1 

352.00 

Tunnel Adapter 

Tunnel 

1 

408.20 

P/L ARS Fan and Ducting 

Tunnel 

1 

9.50 

Airlock 

Tunnel 

1 

364.00 

MISSION DEPENDENT 

EQUIPMENT 



Longeron Fitting-Pallet 

Pallet 1 

■ 1 

40.40 

Longeron Fitting-Pallet 

Pallet 1 

1 

40.40 

Longeron Fitting-Pallet 

Pallet 2 

( 1 

40.40 

Longeron Fitting-Pallet 

Pallet 2 

1 

40.40 

Longeron Fitting-Pallet 

Pallet 3 

1 : 

40.40 

Longeron Fitting-Pallet 

Pallet 3 

' w 

40.40 

Longeron Fitting-Pallet 

Pallet 3 

1 

40.40 

Longeron Fitting-Pallet 

Pallet 3 

1 

40.40 

Keel Fitting-Pallet 

Pallet 2 

1 

35.40 

Keel Fitting-Pallet 

Pallet 3 

1 

35.40 

Longeron Fitting -Module 

Module 

1 

40.40 

Longeron Fi tting -Module 

Module 

1 

40.40 

Longeron Fitting-Module 

Module 

1 

40.40 

Longeron Fitting-Module 

Module 

1 

40.40 

Keel Fitting -Module 

Module 

1 

35.40 

Double Rack 

Module 

1 

58.10 

Single Rack 

Module 

1 

37.60 

Pallet Hardpoints 

Pallets 1,2,3 

45 

.83 

Inserts for Panels 

Module 

6 

6.50 



(Cont) 


Table 6-1 Spacelab Support Requirements 


Subsystem 

Equipment 

Location 

Quantity 

Weight 

, , ,(kg) 



MISSION DEPENDENT EQUIPMENT (Cont) 



- 


Consol Vertical Rails 

Module 

4 

.50 



Consol Horizontal Rails 

Module 

4 

.75 



PSA Foot Restraints 

Module 

6 

3.75 



Rack Closeout FT Restraints 

Module \ 

4 

7.93 


CDMS (Payload 

Monitor and Control Panel 

Orbiter 

1 

5.00 


Specialist Station) 

Keyboard 

Orbiter 

1 

3.50 



CRT Display/ Signal Generator 

Orbiter 

1 

28.50 



Remote Station, Communication 

Orbiter 


1.50 


EPDS 

Exp Switch Panel 

Module 

1 

12.70 



Exp Switch Panel 

Module 

1 

12.70 



Exp Switch Panel 

Module 

■ 1 

12.70 



Inverter (400 Hz) 

Module 

'i' ■ 

32.20 


TCS 

Cold Plate-IECM 

Pallet 3 

1..'' 

5.50 



* Cold Plate-Elect Accel 

Pallet 

1 

5.50 



Cold Plate-Elect Accel 

Pallet 3- 

1 

5.50 



Cold Plate -Elect Accel 

Pallet 3 

■ 1 

5.50 



Cold Plate-Elect Accel 

Pallet 3 

1 

5.50 



Cold Plate-Peaking Battery 

Pallet 3 

1 

5.50 



Cold Plate-PS 

Pallet 3 


5.50 



Cold Plate-RF Terminal 

Pallet 2 

" 1 

5.50 



Exp RAU 

Pallet 1 

■; 1 ' 

2.30 



Exp RAU 

Pallet 2 

1- ■" 

2.30 



Exp RAU 

Pallet 2 

1 

2.30 



Exp RAU 

Pallet 3 

■ 1 

2.30 



Table 6-1 Spacelab Support Requirements (Concluded) 

Weight 

Stibsystem Equipment Quantity (kg) 


MISSION DEPENDENT EQUIPMENT (Cent) 



Exp RAU 

Pallet 3 

1 

2.30 

Exp RAU 

Module 

1 

2.30 

Exp Computer 

Module 

1 

30.20 

Digital Tape Recorder 

Module 

1 

43.00 

Experiment I/O 

Module 

1 

27.50 

High Rate Digital MUX 

Module 

1 

10.00 

Tape and Canisters 

Module 

15 

5.90 

Keyboard 

Module 

: 1 

3.50 

CRT and Symbol Generator 

Module 

■ . 1 ’ 

28.90 


7. FLIGHT SUPPORT EQUIPMENT (LABCRAFT) HARDWARE 

In addition to the Spacelab and Orbiter provided support, the A1#S 
Flight 1 requires unique subsys tem hardware to support and operate the 
instruments during the mission, these are listed in Table 7-1. The 
list is presented by subsystem and includes location and estimated 
weights'. ^ V Z; : 



Table 7-1 Flight Support Equipment Requirements 


Subsystem 

Equipment 

Location 

Quantity 

Weight 

C6cD 

G and D Panels 

Module 

1 

18.00 


G and D Panels 

Module 

1 

8.40 


G and D Panels 

Module 

1 

3.00 


TV Monitor 

Module 

1 

10.00 


Oscilloscope 

Module 

1 

20.00 


C and W Sensors -Pres sure 

Pallet 1 

12 

.16 


C and W Sensors -Temperature 

Pallet 1 

8 

.16 

APCS 

SIPS Platform 

Pallet 2 

1 

527.00 


Two Axes Gyro Package 

Pallet 2 

1 

8.00 


Two Axes Gyro Package 

Pallet 2 

1 

8.00 


3 Axes Gyro Package -OBIPS 

Pallet 3 

1 : 

10.00 


3 Axes Gyro Pa ckage-NlR Spec 

Pallet 2 

1 

10.00 


MPM Platform-GBIPS 

Pallet 3 

1 

56.00 


Fixed HD Star Tracker-II-7-10 

Pallet 2 

1 

4.00 


MPM Pla tf orm--NIR Spec 

Pallet 1 

1 

56.00 


Fixed Head Star Tracker --N1R 

Pallet 1 

1 

4.00 

TCS 

I/F Plumbing Kits 

Pallet 3 

1 

12.00 


Thermal Curtain 

Pallet 1 

1 

10.00 


Thermal Curtain 

Pallet 2 

1 

10.00 


Thermal Curtain 

Pallet 3 

1 

10.00 


Exp Heat Exchanger-LIDAR. 

Pallet 3 

1 

25.00 


TGS Pump-LIDAR 

Pallet 3 

1 

10.00 


Coolant Filters 

Pallet 3 

6 

.45 


MPM Canister -NIR Spec 

Pallet 1 

1 

215.00 

EPDS 

^ Cable Set 

Pallet 1 

: 1 : : 

102.00 


Cable Set 

Pallet 2 

^"^1 :: 

91.00 


■ Cable Set 

Pallet 3 

1 

68.00 


Cable Set “Module to Pallet 

Pallet 1, Fwd 

■ 1 

57.00 


Gable Set 

Module 

1 

34.00 


Cable Set-SIPS to Instrument 

Pallet 2 

1 ■ : 

40.00 
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Table 7-1 Flight Support 



EPDS (Cent) Pulse Power Supply^M 

Pulse Power Supply-Acceler 
leaking 38LtteTy 

Electrical Dist Unit 

DMS 

Sensor Interface Box 

Box ^ ^ 

Sensor Interface Box 
Sensor Interface Box 
Analog Recorder 
Transient Recorder 
Switching Panel 
Video Recorder 

Communications Command Transmitter 

RF Multiplexer 
Wide Band Receiver 
Conical Antenna 

Structures Installation Support for 

Instruments and FSE 

Miscellaneous L/L Locks -OBIPS 

Mechanisms Emergency Jett-MPM Platform 

Capture Release Device 
Capture Release Device 
L/L Locks -NIR Spec 
L/L Locks -NIR Spec 
Emergency Jett-MPM Platform 


Requirements (Cont) 
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Table 7-1 Flight Support Equipment Requiremeats (Cont) 


Subsystem 

Miscellaaeous 

Mechanisms (Cont ) 


Equipment 

Capture Release Device 
PIC (For Holddown Nuts) 

TT-.1 J J H T-rl n 3 n O A 


Location 

Pallet 1 
Pallet 1 
Pallet 1 


Juantits 


Weight 

(kg) 


Integrated Equipment 
Modules 

Beam Diagnostic Pkg 

Wide Band Transmitter 
Command Receiver 
EF Multiplexer 
Antenna , Stub 

Cable Set-Beam Diag Package 

Power Supply 
Strip Heaters 
Multilayer Insulation 
Subcarrier Oscillator Assy 
PCM Programmer 
Command Decoder 
Deploy Device (III -2) 
Capture/Release Interface 
Launch Lock-Vector Mag 

Basic Structure Package 

Gas Release 

Command Receiver 
Command Receiver 
Command Receiver 
Command Receiver 
Command Receiver 
Command Receiver 


Pallet 2 


Pallet 1 


2 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 


.50 

1.00 

1.00 

1.00 

1.50 

29.00 

1.00 

4.00 

5.00 

2.00 
1.50 
2.70 

.50 

1.00 

26.00 


1 

1 

1 

1 

1 

1 


1.00 

1.00 

1.00 

1.00 

1.00 

1.00 



Table 7-1 Flight Support Equipment Requirements (Cont) 


Subsystem : Equipment Location 

Gas Release (Cont) Antenna, Stub 

Antenna, Stub 
Antenna, Stub 
Antenna, Stub 
Antenna, Stub 
Antenna , Stub 
Command Decoder 
Command Decoder 
Command Decoder 
Command Decoder 
Command Decoder 
Command Decoder 
Cable Set-Gas Release 
Cable Set-Gas Release 
Cable Set-Gas Release 
Cable Set-Gas Release 
Cable Set-Gas Release 
Cable Set-Gas Release 
Power Supply-Gas Release 
Power Supply-Gas Release 
Power Supply-Gas Release 
Power Supply- Gas Release 
Power Supply-Gas Release 
Power Supply-Gas Release 
Eject Mechanism (5 m/s AY) 

Eject Mechanism (5 m/s AV) 

Eject Mechanism (5 m/s AV) 

Eject Mechanism (5 m/s AV) 

Eject Mechanism (5 m/s AV) 

Eject Mechanism (5 m/s AV) 


Weight 

Quantity (kg) 


1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 


1.00 

1.00 

1.00 

1.00 

1.00 

1.00 

1.50 

1.50 

1.50 

1.50 

1.50 

1.50 

1.36 

1.36 

1'.36 

1.36 

1.36 

1.36 

3.00 

3.00 

3.00 

3.00 

3.00 

3.00 

12.56 

12.56 

12.56 

12.56 

12.56 

12.56 


Table 7-1 Flight Support Equipment Requirements (Cont) 


Subsystem Equipment liOcation 

Gas Release (Cont) Gas Release Ordnance Pallet 1 

Gas Release Ordnance 
Gas Release Ordnance 
Gas Release Ordnance 
Gas Release Ordnance 
Gas Release Ordnance 
PIC (For Gas Release) 

PIC (For Gas Release) 

PIC (For Gas Release) 

PIC (For Gas Release) 

PIC (For Gas Release) 

PIC (For Gas Release) 

Multilayer Insulation 
Multilayer Insulation 
Multilayer Insulation 
Multilayer Insulation . 

Multilayer Insulation 
Multilayer Insulation 
Strip Heaters 
Strip Heaters 
Strip Heaters 
Strip Heaters 
Strip Heaters 
Strip Heaters 

ESP Pallet 1 

TM Transmitter (S-Band) 

Antenna, Conical 
Antenna, Conical 
Command Receiver 
Diplexer/Splitter 


Weight 

Quantity (kg) 


1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 


0.04 

0.04 

0.04 

0.04 

0.04 

0.04 

.20 

.20 

.20 

.20 

.20 

.20 

1.60 

1.60 

1.60 

1.60 

1.60 

1.60 

1.00 

1.00 

1.00 

1.00 

1.00 

1.00 


1 

1 

1 

1 

1 


.50 

1.00 

1.00 

.60 

1.00 
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Table 7-1 Flight Support Equipment Requirements 


(Concluded) 


Subsystem 
ESP (Cont) 


Equipment 


PCM Programmer 

Command Decoder 

Cable Set-ESP 

Power Supply-ESP 

Strip Heaters 

Mulvi ayer Insulation 

Capt ’ve/ Release Interface 

For EBP -Antenna 

For ESP -Antenna 

Launch Lock- Vector MAG 

For ESP -Probe 

III-2 Sensor Drive 

Spin Table - ESP 

ESP Structure 

Release Ordnance + Cont 


Location 


Pallet 1 


Quantity 


1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 


Weight 


2.00 
1.00 
2.00 
23.00 
1.00 
3.90 
3.30 
.75 
.75 
1.00 
2.00 
1.00 
6.50 
47 .60 
4.00 


8. GROUND SUPPORT EQUIPMENT <^SE>R^^ 

Ground Support Equipment is required to support the AMPS payload 

for:', 

1. Transportation of the Spacelab and payload elements (instru- 
ments and FSE) to the prime contractor* s facility (MMC); 

2. Receiving and inspection of the hardware at MMC; 

3. Installation, assembly and checkout at MMC; 

4. Transportation from MMC to KSC; 

5. Receiving and inspection at KSC; 

6. Reverification, pallet hard mount and systems check at 

KSC-PHF; 

7) Transportation from PHF to 06cC at KSC; 

8) Level II/II; 

9) Level I and launch. 

The overall GSE requirements, required by the AMPS is shown 
in Table 8-1 by site location. The table identifies the AMPS require- 
ment; the specific piece or pieces of GSE necessary to satisfy the 
requirement; the locations the GSE is required; and the supply source 
for the GSE. 

In addition, certain GSE items will be required to supp r the 
certification of instruments at GSFC and support the Mission Operations 
Control Center. Details of this GSE will be contained in later additions 
of the MSRD. 



Specific GSE required at more than one location will either lollow 
the payload or more than one piece of GSE will be procured. Initial 
planning to satisfy the similar AMPS GSE requirements at multi sites 
should be to ship the GSE with the payload, (i.e. only purchase 
additional GSE items when absplutely necessary). 


AMPS/Labcraft GSE 


Need Location 


Supply Source 


AMPS/Labcraft Requirements 


GSE is required for: 

Transporting Spacelab 
elements to the Prime 
Contractor site. 


Low boy trailer and truck 
Pallet shipping containers 
Rack shipping containers 
Transportation Ins trumentation Kit 
Desiccant Canisters & Drying Oven 


NASA TO MMC 
MMC TO KSC 


Receiving Sc Inspection 


at Prime Contractor ' s 




site. 

Vertical sling kit (Spacelab 

MMC 

elements) 

Pallet and rack interior dollies 

K 

3C 



Interior prime mover 
Trunnion handling fittings 




Cleaning equipment 
Rack handling/ support kit 

\ 

/ 


Unique Instrument slings, covers. 

MMC 


etc. 

KSC 

Installation, assembly 

Pallet work stands (3-3 meter) 



& Checkout. 

MMC 


Pallet segment supports 

MMC & KSC 


Pallet simulator (special case - 

MMC 


22% day cycle) 




Protective covers 6c mats 

MMC 6c KSC 


Rack handling fixture (single 6c 

MMC 6c 

KSC 


double) 

Alignment Tooling 

MMC 6c 

KSC 


Liquid Nitrogen Service Set 

MMC 


Gaseous Nitrogen Service Set 

MMC 


MMSE 

Spacelab or MMSE 
Spacelab No . TED 
Specelab No . TED 
Spacelab 612067 , 
69 6c 614022 


Spacelab 612006 

MMC 

MMC 

Spacelab '612113 
MMC 

Spacelab 612065 
Instrument 
Developers 

MMC 

Spacelab 612013 
MMC 

MMC 6c Instru. Dev. 
Spacelab 612065 
6c 612050 

MMC 6c Instr . Dev. 
MMC 
MMC 
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Table 8"1 GSE Requirements (Continued) 

AMPS /Lab craft Requirements 

AMPS/Labcraft GSE 

Need Location 

Supply Source 

Installation, assembly 
& Checkout. (Continued) 

Feron eak detector 

MMC : 

MMC 


Heliu' leak detector 

MMC 

MMC 


Vacru'/L Pumps 

MMC 

MMC 


Rack cooling unit 

MMC 6c KSC 

Spacelab 612089 


Cable sets and utility adapters 

MMC & KSC 



Computer 

MMC & KSC 

GSFC 


I/O and interface electronics 

: MMC & KSC : 

MMC 


Digital multiplex simulator 

MMC & KSC 

MMC 


Measurement and command interface 

MMC & KSC 

MMC 


panel. 

CRT & keyboard 

MMC & KSC 

MMC 


Timing subsystem 

MMC 6c KSC 

MMC 


Power supply and distributor 

MMC & KSC 

MMC 


Video monitor test set 

MMC 6c KSC 

MMC 


FM test set 

MMC 6c KSC 

MMC 


RF test set 

MMC 6c KSC 

MMC / ^ 


Recorders 

MMC 6c KSC 

MMC ' : ' 


Digital demultiplexer 

MMC 6c KSC 

MMC 


EMC test set 

General purpose laboratory equip- 

MMC 6c KSC 

MMC 


ment megger continuity, et 
digit volt meter, etc . 

MMC 

MMC 


Unique instrument C/0, calibration 




and installation equipment , 

MMC 6c KSC 

Instr . Dev. 

Transportation from 
MMC to KSC-PHF. 

Requirements identical to require- 




ments listed above. 











9. 


FACILITY REQUIREMENTS 


Facilities are required at various geographical sites to support the 
ground and mission operations of the AMPS Program (See Figures 11-1 and 
12.1-1). Table 9-1 identifies the AMPS facility requirement, specific 
facility requirements (i.e. size, Services, etc), the need location and 
who is responsible for supplying the facility. Subsequent paragraphs 
give a description of the activity to be performed at each of the 
facility sites. 


9 . 1 CONTRACTOR FACILITY 


The prime contractor's facilities will provide the capability 

1. Receive and inspect large and small payload elements , 

2. Design, fabricate and test flight support equipment. 

3. Install, assemble and check out instrument systems and 
pallet segments. 

4. Test sensitive hardware (i.e. special laboratories), 

5. Provide bonded storage for space hardware and 

6. Staging for hardware transportation to KSC. 



Table 9-1 Facility Requirements 


AMPS /Labor aft Requirement 


Facilities are required at the 
Prime Contractors Site for: 

Receiving and Inspection of 
Space lab and Payload Elements 


Installation^ assembly and 
checkout of Space lab and AMPS 
elements at MM3 


Facility 

AMPS/Labcraf t Facility /Requirements Location 


Airlock to Assembly /Checkout (3 Pallet) MMC 

o Minimum size 20 * vide x 40’ long x 30* high 
o Minimum door size 15 * vide x 13%’ high 
o Overhead crane 7500 lb capacity, hoist height 
25 ’ minimum 

o Environmentally controlled to 70-80^F , 50% 

R.H. 

o 100 K clean pr otection 

o Electrical power - 28 VDC and 115 Vac/60 Hz 
o Vacuum capability, air (Class 100) 


Assembly and Checkout (3 Pallet) MMC 

o Minimum size 30’ vide x 50 ’ long x 30 ’ high 
o Minimum door size 15 ’ vide x 13%’ vide 
o Overhead crane 7500 lb capacity, hoist height 
25 ’ minimum 

o Environmentally controlled to 70-80°F , 507o 

R.H. 

o 100 K clean protection 

o E lec tr ica 1 power - 28 VDC and 115 Vac/60 Hz/ 

400 Hz 

o Vacuum capability. Gaseous Ne , , He 

o Air (Class 100) 
o Standard Facility Equipment 


Supply 

Source 


MMC 


MMC 
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Table 9-1 Facility Requirements (continued) 


AMPS/Labcraft Requirement 


AMPS /Labcraft Facility/Requirements 


Facility 

Location 


Supply 

Source 


Installation, assembly and 
checkout of Space lab and AMPS 
elements at MMC (continued) 


Adjacent Laboratories (Instr /Subsystem Support) 
3 Total 

o Minimum size 20* wide x 20 ' long x 10 high 
o Minimum door size 10 ' Wide x 8%' high 
o Environmentally controlled to 70-80°F , 50/o 

R.H. 

o 10 K clean protection 

o Work stations to 100 clean protection (one 
only) 

o Electrical power - 28 VDC and 115 Vac/60 Hz/ 
400 Hz 

o Vacuum capability, Gaseous Ne, He (one 

only) 

o Standard Laboratory Equipment 

Therjnal Vacuum Facility 
o Minimum size 4 ' dia x 8 ' long 
o Vacuum capability - 10"^ torr ^ 
o Temperature control -110 to 220 F 

Vibro-Acoustics Facility 
o Minimum size 16' dia x 15 ' long 
o Random noise generation to 150 db 
o Exciters 5000 to 35000 lbs force 
Sine Wave /Modal /Random 

Shock & Acceleration Laboratory (Qual of FSE) 
o Shock Levels - 3 Gs 
o Acceleration Levels - 3.5 Gs 


MMC 


MMC 


MMC 


MMC 


MMC 


MMC 


MMC 


MMC 


Tab le 9 - 1 F ac i 1 it y Re quirements (cont in ue d ) 



Man Computer Interaction Laboratory 
o Mini computer graphic display systems and 

remote computer with printer , plotter, CRT, 
screens , random acees s projector, etc 


Bonded Storage 
o Minimum size 


20 ' wide x 30 ' long x 10 ' high 


MMC 


MMC 


MMC 


MMC 


Reverification and hard 
pallet mounting at KSC-PHF 


Instrument Certification 


Airlock to Payload Handling Facility (PHF) 
o Requirements identical to MMC airlock except 
for overhead crank capability 
o 4000 lb max capacity overhead crane 

Payload Handling Facility 

o Requirements identical to MMG assembly and 
checkout facility 

Adjacent Laboratories (2 Required) 
o Requirements identical to MMC laboratories 

Facility and Laboratory Requirements to be 
Determined by GSFC 


KSC KSC 

KSC KSC 

KSC KSC 

KSC KSC 

GSFC GSFC 


Mi ss ion Operat ions S uppor t 
and Evaluation 


Experiment Operations Evaluation Rooms 

Instrument Operations Si^port Rooms 

Labcraft Systems Operations Support Rooms 
l^^yload Evaluation Center 


GSFC 

GSFC 

GSFC 

GSFC 


GSFC 

GSFC 

GSFC 

GSFC 


Table 9-1 Facility Hequiremeats (contin^d) 


AMPS /Labcr aft Requireiaeiit AMPS /Labcraft Facility /Requirements 


Facility Suppiy 
Location Source 


Mission Operations Support 
and Evaluation (continued) 


Instruinent Developed-Off-Site Operations Instr. 

Support Room Dev. 

Labcraft Systems Operations Of f -Site Support MMC 

Rooms 


Instr. 

Dev, 

MMC 


9 . 2 KSC FACILITIES 


The KSC-PHF will provide the capability to: 

1. Receive and inspect the AMPS payload elements. 

2. Perform instrument systems and pallet segment reverification. 

3. Perform sj^s terns and inteface verification after pallet hard 
mount, 

4. Staging for hardware transportation to Q&C building at KSC. 

9.3 GSFC FACILITIES \ 

The GSFC facilities will provide the capability to perform 
instrument certification and payload operations control. Each of 
these facilities is discussed in subsequent paragraphs, 

9.3.1 INSTRUMENT CERTIFICATION FACILITY, (IGF) 

The ICF will provide small development contraGtors and -universities 
V7ith limited facilities, for qualification and acceptance testing of 
the flight hardware. The various tasks that will be petfOtmed at the 
Certification Facility are Receiving and Inspection, Performance 
Evaluation, Mass Properties, Modal Survey, A,cottstic Vibration, EMI/EMC, 
Thermal Vacuum and Leak Check, Refurbishment, etc, : , 
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9.3.2 PAYLOAD OPERATIONS CONTROL CENTER (POCG) 


The Payload Operation Control Center will provide the capability 

to; 

1. Perform support to the on-going mission (commands, instruc- 
tions to JSC, etc.) 

2* Perform experiment, instrument and instrument system analysis 
and 

3. Perform data reduction and analysis. 
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10.0 VERIFICATION REQUIREMENTS AND DESGRIFTION 


The verification requirements for AMPS flight 1 individual 
instruments and the complete payload are described in this section 
for: 

1 The xns trumont. developor and identlfxas iihe guxdolxnas, 
verification relationships and responsibilities through- 
out the verification cycle; 

2 . The Spacelab and STS proj ects and identifies the planned 
integration activities as well as gives insight into the 
verification program prior to integration. 

The AMPS payload and its elements are subject for compliance 
with two sets of verification requirements. They are; (1) those 
imposed on users by Spacelab and STS projects, and (2) those 
established by the AMPS project for payload elements under its 
control. The first is concerned with the verification of inteifface 
compatibility; and, the second defines detail requirements for the 
verification of design and performance requirements of the payload 
elements. 

The external requirements (i.e., those imposed by STS and 
Spacelab) originate from the following three documents; 

1. Space Shuttle System Payload Accommodations, JSC-07700, 

Volume XIV Rev. D Change 16. 

2. Spacelab Payload Accommodations Handbook , ESTEC, 
SLP/2104 May 1976. 



3. KSC LauiMjh Site Acconimodations Handbook for STS Payloads, 
K-STSM-14.1, June 1976 

The specific verification process foi" the STS and payload 
interfaces is defined in the Space Shuttle System Payload Inters 
face Verification Plan (JSC-07700-14-PIV-01) . 

The AMPS internal verification requirements will be defined in 
general in the GSFG General Environmental Test Specification for 
Space Shuttle Payloads (to be prepared) . This general specification, 
in conjunction with project directives, policies and plans will be 
used to define specific verification programs for individual payload 
element s , 

other verification requirements within the STS, Space lab and 
AMPS relationship are those imposed by AMPS payload on the other 
projects. Typically, these requirements will entail the verifica- 
tion of interface status prior to mating, functions across interfaces 
and the required participation in STS verification activities . These 
requirements, when identified, will be contained in this document . 

The following guidelines and criteria apply during the identifi- 
cation and implementation of the verification program for AMPS: 

1 . Analytical methods shall be used to support tests, or in 
lieu of tests, whenever practical to satisfy verification 
requirements . 

2. The verification program will confirm that hazards identi- 
fied by Failure Modes and Effect Analysis (EMEA) or other 
analysis have been eliminated by design or reduced to an 
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an accepcable level using safety devices, warnings or 

special procedures . 

3. After each flight, teste will be performed to determine 

that refurbishment, repairs, and changes for ref light mere 
correctly made and that the system is ready for reflight. 

The payload and its elements mill foil™ the verification plan 
as described for the individual instrument and/or labcraft, design 
and development, certification, and complete payload Integration. 

Since complete verification by test is the costliest method, anal- 

he used in parallel , to support test 

ysis and- assessment methods Will be us v 

I • j Aiav,4-itT ottisiT clri3irsc is tic s • 

activities or used independently to ve-iry oca 

Figure 10-1 depicts the AMPS payload verification flow. 

has tmo major parts; (1) instrument and labcraft design and develop- 
ment, and (2) complete payload integration and eheckout. The tmo 
are joined through a milestone designating flight certified status 
of all equipment entering the integration cycle. The instrument 
and labcraft design and development is further subdivided in t»o 
parts; (1) component verification and (2) individual system certifi- 

cation. 


10.1 COMPONENT VERIEIGATi^ 

The verification flom during the instrument and labcraft component 
design and development is shomn on the left side of Figure 10-1. It 
accommodates the verification re,uirem.ents of components diverse in 
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nature and development status. The flow is the same for instrument 
and Labcraft type equipment and pertains to both. 

The center of the figure emphasizes the protoflight build and 
test concept. The thrust of the concept is to build, test, refurbish 
and fly the same article. The components will undergo a series of 
qualification tests to ensure reasonable success during system level 
testing and successful flight(s). Modifications after test failures 
and refurbishment after test completion, will be part of the verifica- 
tion plan. 

Figure 10-1 shows a longer development path for items requiring 
additional development testing prior (p the protoflight article build. 
These tests can use breadboard/brassboard/prototype articles in labor- 
atory environment. Test configurations include off-the-shelf stan- 
dardized hardware as well as laboratory type support equipment. 
Successful tests during this phase will allow a decrease in qualifi- 
cation testing. It is expected that most Labcraft equipment will go 
through the prototype stage of development and testing. 

Acceptance tests at component levels will be used for quality 
or workmanship screening, establishing of functional baselines before 
qualification tests, and after refurbishment and prior to integration 
in higher level assembly for reflight. 

Following component level tests the components will be integrated 
in their respective higher level assemblies for system level tests and 
certification. 


10.2 SYSTEM VERIFICATION 


The instrument level test flow is shown in the center of Figure 
10-1. Typically this is a higher level of assembly which includes the 
components discussed in the preceding paragraph, standardized hard- 
ware, support equipment and software. The assemblies will represent 
a functional instrument entity. This assembly and test phase for 
various instruments may take place in several locations depending 
on programmatic considerations and existing capabilities. The 
objectives of the activity are to integrate the instrument functional 
elements and to subject the flight system to a series of environ- 
mental and special tests. These tests and other previous verifica- 
tion activities designated as requirements for certification will 
complete the verification cycle . 

Figure 10.3-1 shows a typical series of tests and may or may not 
be required for all instruments. The AMPS Project Management will 
identify the applicable tests based on similar factors as those 
described for component qualification tests. Additions or modifica- 
tions may be necessary for some instruments (i.e. , added magnetics 
evaluation or thermal test in lieu of thermal vacuum). 

The test phase will start with integration and functional check- 
out followed by functional and performance evaluation. The latter 
will include system parametrics as well as the evaluation of system 
sensitivities . The results will serve as a functional baseline for 
determinat ion of effects from subsequent environmental exposures . 

After the final acceptance test the instrument will be subjected 



to a thorough functional test in preparation for shipment to the 
specified integration site. 

10.3 PAYLOAD INTEGRATION AND CHECKOUT 

Following the instrument system level tests the AMPS payload 
elements will begin the complete payload integration cycle. It 
will take place in several levels progressing from instrument, 
labcraft and pallet assembly and integration (Level IV) to AMPS 
Spacelab payload and Orb iter Integration (Level I). The successive 
levels emphasize the integration and checkout of new interfaces 
associated with the new level of integration. These integration 
levels are described in general by: Spacelab Accommodations Hand- 

book, ESTEC, SLP/2104, May 1976, Space Shuttle System Payload 
Accommodations, JSC-07700, Volume SIV, Eev. D, Change 16; KSC 
Launch Site Accommodations Handbook for STS Payloads, June 1976; 
and, the KSC Spacelab Operational Turnaround Allocation, 16 April 
1976, and are described for the AMPS program in Section 11 . 

Level IV - The Level IV activities are accomplished in two 
stages: (1) Initial payload element assembly and test, and (2) 

final assembly and verification . The associated test and verifi- 
cation activities are as described in the following paragraphs . 

1. Initial Assembly and Test - The objective of this activity 
is the assembly, checkout and parametric functional 
verification of the AMPS Labcraft payload (Section 11.1). 
This is the first level of payload integration and will 
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Figure 10.3-1 Initial Assembly and Test Flow 


10-8 

















Figure 10.3-2 Initial Assembly and Test Configuration 
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be more detailed and extensive in scope than the subsequent 
tests and will form the basis of system and interface 
performance comparison. 

Figure 10.3-1 is a fanctional flow of Level IV 
integration for the first AMPS payload. It shows a gradual 
buildup at individual instrument level leading to complete 
payload configuration integration and checkout. Besides 
functional verification it will also include first time 
evaluation of EMI/EMC at the complete payload level. The 
pallet level tests (acoustic vibration and model survey) 
will be performed with a single pallet at a time in a 
facility other than the clean room used for integration and 
checkout (Section 9.1) . To accomplish this, the pallets 
will be demated after complete payload tests and returned 
to the same configuration and functional status afterwards . 
Next, the pallets will be dernated, prepared and shipped to 
the 

Figure 10.3-2 is included to show the Level IV Initial 
Assembly and Test functional configuration. It shows the 
instruments on a pallet interfacing with the data bus and 
their own unique GSE. This dual interface is desirable 
for gradual integration , troubleshooting, and the evaluation 
of science data interface not accec-sible through the dat^ 
bus . The computational equipment in combination x^ith the 
peripherals will perform the functions and simulations 
of the Spacelab and Orbiter systems not part of this 


configuration. Software used by this equipment will be, 
as far as possible, Spacelab and instrument flight software 
modified for ground use. Simulations will be substituted 
for ths missing functions and interfaces. 

After completion of these assembly and test activities 

at the prime contractor's site, the pallets will be demated 
and transported to the KSG Payload Handling Facility . 

2. Final Assembly and Verification -The objective of the 

final assembly and verification activities is to assemble 

the pallet elements into their final configuration and to 
reconfirm the payload functional status which might have 
been altered due to the elapsed time and efforts of trans- 
portation. It is also likely that some changes may be 
necessary prior to the commitment for further integration. 

It should be noted that this verification activity 
will be the last phase under the Payload Operations Center 
(POC) direct control; therefore, it is the final oppor- 
tunity to perform final checkout which may be time consuming 
or may require special conditions or equipment . 

From the PHF the AMPS Labcraft payload will be trans- 
ported for Level IIl/lI integration and checkout in the KSG 
Operations and Checkout (O&C) Facility. 

Level III/II - The objective of Level III /II integration is the 
integration and checkout of pallet train, experiment tracks, Spacelab 
Pressure module into the complete AMPS Spacelab payload configuration. 
The AMPS Spacelab payload will be assembled in the integration and 


and checkout stand and mated to support equipment. Figure 10.3-3 
shows the functional configuration of the airborne and ground 
equipment. New in this configuration is the actual Spacelab core 
segment with its Automatic Test Equipment (ATE) and Orbiter 
Interface Adapter (OLA). Also shown in a tie-in of previous 
configuration support equipment, located at the PHF, with the AMPS 
Spacelab payload via the ATE. The instrument unique GSE located 
at the PHF can only receive science data demultiplexed by the ATE 
while other support equipment can command the instruments. 
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Figure 10.3-3 Level III/II Functional Configuration 

The features and functions to be verified include physical 
accommodations, utility services, command and data management and 
software. After the confirmation of overall functional compatibility, 
several system level tests will be performed. These are: mission 

simulation, EMI/EMC, determination of science data rate capabilities 
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and data interface. Weight and c.g. determinations will be made as 
part of handling of the Space lab and payload assembly before trans- 
ferring to Orbiter Processing Facility. 

Level I - The objective of Level I integration is to assemble 
the AMPS Spacelab payload and the Orbiter and the integration and 

checkout of the remaining new interfaces. These are: 

1. Spacelab to Orbiter physical interfaces (fit, clearances) 
and functional interfaces (power, coolant, command and., 
data, caution and warning and Launch Processing System) . 

2 . Tunnel installation involving fit and leak tests. 

3. Payload Specialist Station (PSS) module installation 
involving physical fit and functional tests. 

Following the verification of individual interfaces, integrated 
system checkout of the Orbiter/Spacelab interfaces will be performed 
as part of Orbiter Integrated Test. During this test, AMPS partici- 
pation will be in a support role of providing the required functions 
and responses, AMPS payload will play a similar- tole during the roll 
out, final checkout at the pad and launch. 
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11. GROUND OPERATIONS DESCRIPTION AND REQUIREMENTS 


The Ground Operations activities provide the preflight ability to 
build up a Spacelab payload into a fully integrated Shuttle payload 
operations unit, and perforin the post mission maintenance, refurbish- 
ment, and payload preparation for reflight. The AMPS Labcraft Ground 
Operations flow is shown in Figure 11-1. This flow identifies the 
flight hardware integration site and facility locations. The ground 
operations activities described forms the basis of the AMPS Labcraft 
requirements for integration, maintenance and refurbishment as they 
relate to facility usage, manpower, support equipment, transportation 
and logistics. 



Figure 11-1 AMPS Labcraft Ground Operations Flow 
The AMPS Labcraft Ground Operations flow shown in Figure 11-1 is 
based on the requirements es tablished in the Spacelab Payload Accom- 
modations Handbook, May 1976; the Space Shuttle System Payload 










Accommodations JSC 007700> Volume XIV, Rev. D; the KSC Spacelab Opera- 
tional Turnaround Allocation Schedule, April 16, 1976; and the KSC 
Launch Site Accommodations HandbocR For STS Payloads, Rev 3, June 1976 
K-STSM-141. The integration levels shown are as follows: 

1. Level IV - AMPS Labcraft payload buildup and integration test 
and checkout activities "off-line” from the normal Spacelab 
and Shuttle time critical, turnaround "on line" sequence of 

events. ’ 

2. Level III - Spacelab payload buildup integrating the Spacelab 
pressure module, experiment racks. Payload Specialist Station 
(PSS) modules and AMPS pallet train on the Automatic Checkout 
Equipment Stand forming the AMPS Spacelab Payload. This ac- 
tivity is an "on line" Spacelab function. 

3. Level II - AMPS Spacelab payload integration test and check- 
out including mission sequence simulation and weight and 
center of gravity verification. This activity is an "on- 
line" Spacelab function. 

4. Level I - Integration of the AMPS Spacelab payload into 
the Shuttle Orbiter , and the associated interface verifica- 
tion, and is an "on-line" activity. 

After completion of these four integration levels the Orbiter 
will be integrated with the Shuttle Booster Systems and transported 
to the launch pad for launch preparation activities and final payload 
servicing, also an "on-line" activity. 

The post mission ground operations start upon landing. However , 
the first payload access will be after the Orbiter is "transferred to 


the Orbiter Processing Facility (OFF) for removal of the AMPS Space lab 
payload. Upon removal from the Orbiter the payload is transported to 
the Space lab Processing Facility (SPF) for demating of the AMPS exper- 
iment racks, pallet train, and other AMPS peculiar equipment from the 
Spacelab pressure module, completing the •'on-line" activities. The 
AMPS payload equipment is transferred back to the AMPS Payload Handling 
Facility for initiation of the maintenance and refurbishment activi- 
ties associated with preparation for reflight, storage or a combina- 
tion of these two activities . 

The following paragraphs provide a detailed description of the 
ground operations activities and requirements for the AMPS Spacelab 
payload, ■ 

11.1 LEVEL IV INTEGRATION - PAYLOAD 

Level IV integration activities inc lude .assembly of the AMPS 
Labcraft payload to insure; (1) that all payload elements (i,e., 
instruments, Labcraft FSE, Payload Specialist Station modules and 
Spacelab experiment racks) operate satisfactorily as an integrated 
payload, (2) that no delay in the time critical Orbiter or Spacelab 
*’on-line*' activities will occur , and (3) a sufficient payload inter- 
face test and response data base is obtained so that the payload sys- 
tems health can be ascertained during the '*on-line" interface checks. 

The AMPS Labcraft Level IV ground operations activities will be 
accomplished at the Prime Contractor *s Denver Facility, for initial 
payload assembly and system functional verification (Figure 11,1-1) 


and at the KSC Payload Handling Facility (PHF) for final configuration 
assembly and functional verification, test, checkout and calibration 
of instruments (Figure llol-2) prior to delivery of the AMPS Labcraft 
payload to the •*on-line** S pace lab activities . The facility to be used 
by Martin Marietta is the existing High Bay Area Clean Room in the 
Denver Space Support Building. Several existing facilities are being 
considered for use at KSC and these will be negotiated between the AMPS 
Labcraft Project Office and the KSC Shuttle Project Office per the re- 
quirements specified in this Section, Section 10 and Section 9. 

The following paragraphs describe the Level IV functional activi- 
ties for; (1) the Initial Payload Assembly and Test - Prime Contractor 
Facility, and (2) Final Configuration and Verification - KSC PHR. 

Initial Pavload Assembly and Test Prime Contractor Facilitv - 
The initial AMPS Labcraft as s emb ly and ve r if ic a t ion will be accom- 
plished as shown in Figures 11*1-1 and 11,1-2, This activity will 
be performed at the Martin Marietta Aer os pace , Denver Division * s 
Space Support Building in the existing High Bay Area Clean Room. 

This clean room meets all the space , cleanliness, and support require- 
ments (i.e, , power and cranes) necessary to assemble and test a one, 
two, three , four, and five pallet payload. This facility has the 
ability to support two or more combinations of pallet trains at one 
time. The details of these facilities will be described in the GSE 
and Facilities sections (Sections 8 and 9). 

The initial assembly activities start with the receipt of the 
GFP units which include : instruments from the instrument development 

contractors; instruments from Government agencies; Space lab components 
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Figure 11.1-2 Level IV Final Assembly and Verification 
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(i.e. , GSFG); flight support equipment (FSE) from either a con- 
tractor or Government agency; Spacelab compohents (i.e., pallets, 
experiment racks, thermal units .. .); and, multi-mission support 
equipment (MMSE). After these items have completed receiving 
inspection and interface verification tests they will be readied 
for installation and assembly into or on the pallets with the prime 
contractor supplied FSE. The experiment racks and Payload Specialist 
Station (PSS) module units will he assembled and each unit (i.e. , 
individual pallets, experiment rack, . . ) will complete system level 
interface verification tests. The pallets will be soft mated in a 
test fixture by electrically connecting the pallets together and 
the PSS modules and experiment racks wil be mated with and connected 
to the test fixture and appropriate GSE. The associated GSE will 
simulate the Orbiter and Spacelab inter face s necessary to perform an 
AMPS Lab craft payload functional verification test . 

The AMPS Labcraft functional verification tests are described 
in the Verification section (Section 10). They include the develop- 
ment of parametric operational data which are to be used to evaluate 
the performance of each instrument and FSE when the mission simulation 
tests and interface tests are accomplished in the succeeding Spacelab 
and Orbiter Levels III, II and I tests. This data will also be used 
to reverify payload compatibility and functional operation after the 
Labcraft payload has been transported to KSC. After completion of 
all systems verification tests the pallets will be demat ed and the 
experiment racks and PSS modules will be removed from the test fixture 


and all flight units and selected GSE and test equipment will be 
prepared for shipment to KSC. 

Final Assembly and Verification KSC-PHF - Final assembly and 
verification of the AMPS Labcraft payload at KSC prior to integration 
xvith the Spacelab and Orbiter will be accomplished as shown in Figure 
11,1-2. This activity will be performed at the KSC Payload Handling 
Facility, at KSC. The facility requirements for the PHF include a 
clean room large enough to contain multiple pallet test fixtures, 
experiment racks , PSS module and associated GSE to interconnect all 
elements and simulate the Orbiter and Spacelab for functional verifi- 
cation tests. 

The final assembly activities will start with receipt of the 
AMPS assembled pallets, experiment racks, PSS modules and associated 
GSE. After completion of the receiving inspection activities the 
flight element will be tested for interface compatibility and then 
assembled into the final flight configuration on the test fixture. 
This configuration consists of hard mating the pallet train, mechani- 
cally and electrically, and installing the experiment racks and PSS 
modules in the test fixture. These elements and the associated GSE 
will simulate the Orbiter and Spacelab interfaces necessary to 
conduct payload and system functional verification tests required 
to establish high confidence that the AMPS Labcraft payload can enter 
the time critical "on-line" Spacelab and Orbiter Ground Operations 
Integration activities. Other functions to be performed at the 
PHF include i instrument checkout and alignment verification, 
charging of instrument cryogenic cooling systems and mounting of 
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special GSE on the pallet train which is necessary to maintain a 
cryo charge on a system during subsequent ground operations , and 
instrument stimulus electronics for subsequent ground operations 
tests and checkout functions . 

Upon completion of this phase of the AMPS Labcraft Payload 
"off-line" activities the mated pallet train, experiment racks and 


PSS module will be transported from the AMPS-PHP to the Spacelab 


Processing Facility (SPF) in the O&G Building at KSC for "on-line" 
Spacelab Level III and II integration. 

This completes the ground operations activities for which the 
AMPS Labcraft project has the prime responsibility. All activities 
for Levels III, II, I and launch preparation are the "on-line" function 
and the primary responsibility of the KSC and the associated project 
such as the Orbiter or Spacelab oragnizations . The schedule for 
completion of Level IV activities is shown in Figure 11.1-3. 
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11.2 LEVEL ill /II INTEGRA! ION --SPACE1AB 


The Spacelab ■■en-llne" Level III and II Integration actlvltle. 
include: (1) assembly of the payload elements into an AMPS Spacelab 
payload and 2) functional verification that the integrated Spacelab 
payload is operating satisfactorily and is ready to proceed vith the 

Orblter "on-line" Level I integration activities. 

The Spacelab Level II and III integration activities occur at 
the Spacelab Processing Facility (SPF) in the KSC OM building. 

All necessary support fixtures. GSE, and facility requirements to 
perform these integration activities ulll be provided and the AMPS 
Labcraft payload ulll be Integrated into a complete AMPS Spacelab 
payload ulth only GSE and personnel support from the AMPS Labcraft 
project being required. The Spacelab Uvel III/II gtound operations 

are shown in Figure 11.2-1. 
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Figure 11.2-1 Level IIl/U Integration 
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The following paragraphs describe the Level III and II activities 
for integration of payloads into the Spacelab. Level III is identi- 
fied as Spacelab payload assembly and Level II is identified as 
Spacelab Payload Integration Verification. 

Level III Spacelab Payload Assembly - The AMPS Spacelab pavload 
assembly starts with the receipt of the AMPS Labcraft payload elements 
from the Level IV final integration facility ,KSC-PHF. After completion 
of the receiving inspection activities the AMPS Payload elements 
(i.e. , Labcraft pallet train, experiment racks , PSS modules, and 
selected GSE) are installed in the Spacelab integration and checkout 
fixture for physical assembly of the Spacelab pressurized module 
elements , and AMPS payload elements into a total AMPS Spacelab pay- 
load in prearation of the Level II functional verification tests. 

Level II Spacelab Payload Verification - The AMPS Spacelab 
Payload interfaces and operations will be verified by conducting; 
system interface verification tests , instrument interface verifica- 
tion, subsystem functional checkout , payload functional verification^ 
and simulate mission sequence tests. These test and checkout 
activities will be performed at the KSC- located in the NASA 06:C 
Building using the assembly integration and checkout fixture and 
the Automatic Test Equipment (ATE) to make up the test and integration 
stand. 

During these two integration activities the KSC Spacelab Opera- 
tional Turnaround Allocation schedule dated 16 April 1976 (summar- 
ized in Figure 11.3-2) identifies 46 hours of test time when electri- 
cal pox<?er is available for payload tests. 



Upon completipn of these Spacelab payload integration activi- 
ties the combined AMPS Spacelab payload will be transported to the 
Orbiter Processing Facility (OPF) for integration into the Shuttle 
Orb iter payload bay. 

11.3 LEVEL I INTEGKATION- -ORBITER 

"on-line" Level I integration activities include, 
1) mating of the AMPS Spacelab payload with the Orbiter, and 2) 
readying the Orbiter and payload for the succeeding launch pre- 
parations. These integration activities (Figure 11.3-1) are 
accomplished in the OPF. 

The AMPS Spacelab Payload and Orbiter integration starts with 
receiving the payload then progresses to installation into the 
Qj^Uiter bay , verification of the payload interfaces , final prepar- 
ation for launch and closeout of the payload bay. Upon satis- 
factorily completion of Orbiter integration activities , the 
Orbiter with its AMPS Spacelab payload is transported to the 
Vertical Assembly Building (VAB) . The major Spacelab and 
Orbiter activities schedule is shown in Figure 11.3-2. 
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Figure 11.3-1 Level I Integration 


STS Ground Operations Flow (KSC Spacelab Operations Turnaround Allocation - 16 Ap-»l 1976) 
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Figure 11.3-2 AMPS/STS Ground Operations Summary Schedule 
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11.4 lAUNCH PREPARATIONS AND LAUNCH 


The major launch preparations include: 1) moving the Orbiter 

and installed payload to the VAB, 2) erecting and mating the Orbiter 
with the STS Booster systems, 3) towing the Shuttle flight system to 
the launch pad, 4) completing the final launch activities at the pad, 
and 5) launching the Shuttle vehicle. During these activities the 
payload is in the Orbiter bay with the doors closed and no payload 
access is permitted except after the Payload Changeout Room (PCR) is 
in place around the payload bay on the launch pad. During the time 
the PCR is in place the Shuttle Orbiter payload bay doors can be 
opened, if required, and access gained to the payload for minor 
activities requiring no power . These activities are to be planned 
for removal of cryogenic maintenance GSE, and removal of protective 
covers from the instruments. This time period is approximately four 
hours long and occurs at approximately eight hours prior to lift-off. 

11.5 LANDING AND DEMATING 

The landing and demating activities are generally payload 
handsoff until the Orbiter is returned to the Orbiter Processing 
Facility which occurs within the first couple of hours after landing. 
The exception is of course, that some items from the Spacelab, such 
as recorder tapes, could be removed from the Spacelab while in 
orbit and stox^ed in the Orbiter cabin, then taken from the Orbiter 
by the crew. 
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Critical AMPS payload items can be removed from the Orbiter Bay 
in the OPF after the payload bay doors are open and the access GSE 
installed but generally access to the payload is not planned until 
after the AMPS Spacelab payload has been removed from the Orbiter 
Bay and transported to the SPF in the O&C building. 

The Spacelab payload demating activities take place in the SPF 
starting at approximately twenty hours after landing. The Spacelab 
pressure module is demated and the AMPS experiment racks removed 
and the pallet train is demated. The AMPS Labcraft payload elements 
are then transported to the AMPS-PHF for maintenance and refurbish- 
ment . 

11,6 maintenance AND REFURBISHMENT 


All AMPS Labcraft maintenance and refurbishment activities are 
either initiated from or accomplished in the AMPS KSC-PHF, After 
receipt of the AMPS Labcraft payload the instruments and FSE will 
be refurbished and updated for the next flight. The baseline plan 
is to accomplish as much as possible at the PHF but if major 
modifications or repairs must be made then that equipment will 

be returned to a contractor's facility or GSFC for action . 

The next flight preparations will continue at the KSC-PHF for 
all Labcraft payload elements including any newly outfitted pallets 
with the ground operations activities as described for the first 
flight . 


11-14 



Those elements requiring storage will be stored at the PHF until 
their reuse is required; if however, the element will not be reused 
it will be sent to GSFC for permanent storage. 

11.7 GROUND CONTAMINATION REQUIREMENTS (DESIGN AND GROUND) 

Ground Contamination Control will be practiced to assure that 
contamination will not adversely affect the AMPS mission objectives. 

Ground contamination control starts with the design phase, 
extends through launch, resumes at landing and extends through the 
storage and refurbishment phase. Cleaning of FSE and flight instru- 
ments will be required. Accompanying GSE which will be located in 
clean rooms will also be subjected to control and cleaning require- 

merits \ ^ ^ 

The methods by which contamination control will be effected 
are described in this section for design, manufacturing and assembly, 
inspection and test, packaging, transportation, storage, personnel 
training, installation in orbiter, cleaning post installation to 
launch, post landing and disassembly, and refurbishment. 

11.7.1 DESIGN 

The design of an instrument or subsystem will determine its 
sensitivity or susceptibility to contamination and, in turn, dictate 
the handling procedure from that time on. Some instruments or 
subsystems may be insensitive to contamination, but consideration 


must be given in their design to the possibility of their contamin- 
ation effect on other equipment in the same payload. No flight 
equipment is exempt from contamination considerations. The following 
controls will be considered and incorporated wherever applicable in 
the design of AMPS FSE and instruments. 

1. Design for minimum sensitivity to contamination - This 

characteristic considers the general layout of components 
and their housing. Especially sensitive elements will be 
located away from contaminant access and the housing will 
be designed to prevent ingress of contaminants except 
wh^re such is not possible, then consideration will be 
given to shielding, baffles, reduction of input aperture, 
physical acceptance angle, contaminant sensitive element 
heating, cold traps, and the inclusion of remotely 
operated protection covers. 

2. Materials will be selected for. low outgassing and corrosion 
characteristics - SPR-0022A indicates acceptable out - 
gassing characteristics of materials . Where characteristics 
are unknown , materials will be tested before use in AMPS 
equipment . 

3, Design for access for cleaning, unless the equipment is 
hermet ica 1 ly sealed , and , if practicable , include 
monitoring equipment to provide an indication of instru- 
ment degradation and cleaning requirement. Access for 
cleaning will usually provide access for inspection. 
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4. Provide filtration systems for enclosed volumes that must 

breathe during pressure changes if the volumes enclose 

contaminant sensitive elements. 

5. Contractors will be required to develop an approv^ 

contamination control plan for equip th^j^sign 

adhere to these requirements . -^ ^ ^ 

6. Designs Will be reviewed by the GSFG contamination control 

group for adherence to these requirements. 

7. After design approval, the GSFC will establish the clean 

liness levels required; the manufacturing and processrng 
environment requirements ; and contamination controls 

to be effected during assembly, processing, testing, 

shipping, and storage. Cleanliness level requirements 

will be determined by the most contaminant sensitive 
element in the design unless the design is such that the 
sensitive elements can be maintained at their required 
cleanliness level when the rest of the assembly is 
subjected to less Stringent cleanliness levels. 

11,7.2 manufacturing AND ASSEMBLY 

Procedures that will assure maintenance of requisite cleanliness 
levels of the end product during manufacture and assembly will be 
established and maintained. Manufacture and assembly of sub- 
assemblies and end items will be conducted in clean rooms, clean 
work stations, and other work enclosures commensurate with the 


cleanliness levels required of the product unless subsequent cleaning 
is a more practicable approach and such cleaning will restore the 
product to the requisite cleanliness level. Clean rooms, work 
stations, and other enclosures will be established, operated, and 
maintained. 

11.7.3 INSPECTION AND TEST 

Ah inspection and test schedule will be established and main- 
tained to assure that product cleanliness levels are maintained 
or reestablished throughout all phases of ground operations. In 
some cases, testing will indicate product cleanliness. 

Inspections will be performed upon receipt of procured (portion 
of standard receiving Inspection) items , in process during manufacture 
and assembly, and prior to packaging for contamination control. 

After packaging, the packaged product will be inspected at each 
handling transition to assure that the integrity of the packaging has 
not been compromised. Records of inspection results will be made 
and maintained so that the inspection history of the product can be 
traced. Certification of cleanliness will accompany the product. 

11.7.4 PACKAGING, TRANSPORTATION AND STORAGE 

Requirements and processes for packaging clean articles (for 
transportation, storage, between manufacture, assembly, and test 
processes) will be established, and implemented to maintain 


11-18 



product cleanliness. Packagingmaterialscharacteristicsw3.il 

conform to the requirements specified in SN-C-0005. Items requiring 
cleanliness levels indeterminable by visual means will be double 

bagged for greater protection of the item and to permit removal of 

the outer bag for transfer to a clean facility. 

TvanspOTtatiori^ facilities and pirocedures will be 

such as to assure maintenance of package cleanliness levels. Under 
severe transportation conditions the packaging must be such as to 

assure the packaging will not be ruptured or the enclosed item 

injured. This requirement may demand the use of special suspension, 
padding, and/or a strong, flexible outer shipping case. If so, the 

see-through characteristic may be dispensed with but the item may 
still be bagged before being placed within the protective housing. 
Storage and transportation facilities will meet the temperature 
requirements of the packaged item. All items will be provided 
with protective containers for movement through uncontrolled 

areas . 

11.7.5 PERSONNEL TEAINING 

Personnel will be trained and required to practice contamination 
control throughout all phases of ground operations. They will be 
instructed as to what must be done, why it must be done, and how 
it can best be done. Contamination control training and certifi- 
cation programs will be developed for the AMPS program and approved 
by the GSFC contamination control group. 


11.7.6 INSTALIATION IN ORBITER 


AMPS equipment will be installed in the Orbiter only under 
.specified clean room conditions for the particular equipment 
involved . Where internal , highly sensitive surfaces are protected 
by housing or covers, equipment may he installed under class TBD 
clean conditions. Cons ideration will be given to use of separate, 
smaller enclosures controlled to higher cleanliness levels where 
exposure may be only temporary during installation. 

11.7:7 

The cleanliness level and cleaning processes required for all 
AMPS equipment will be specified for establisbing and maintaining 
the required level. ^ 

Indication of cleaning requirement will be determined by 
inspection, operational test, or from the results of tests on witness 
samples carried with the item in accordance with procedures to be 
specified. 

All cleaning will be performed in a controlled environment 
commensurate with the cleanliness level of the item to be cleaned. 
All nonoptical structures will be vacuum cleaned, wiped, and flushed 
with solvent . Optical surface cleaning will be the responsibility 
of the optical equipment designer, builder, or owner. 

Upon completion of cleaning and verification and documentation 
of the required cleanliness level, the item will be bagged or other- 



wise enclosed in a protective cover. However, large items requiring 
further processing may be retained in a clean facility without other 
protective covers until processing is complete. After installation 
in a larger assembly, smaller items may no longer require separate 
covers and may depend upon the protection of their own enclosing 
structures or those of the assembly in which they are installed. 

All fluids, materials, tools, and test equipment used for 
cleaning purposes shall be maintained at cleanliness levels equivalent 
to those of the most sensitive items with which they are used and 
will be maintained in controlled clean areas or appropriate protective 
enclosures. Control requirements will be documented. All fluids 
will conform to the requirements of JSC SE-S-0073 where applicable. 
Where practicable, all tools and fixtures used for cleaning will have 
smooth surface finishes, rounded edges , and require no lubrication 
so as to reduce the probability of chipping , pealing, soil entrapment 
and the dispersion of lubricants. 

11.7.8 POST INSTALIATION TO LAUNCH 

Subsequent to installation of AMPS equipment in the Orb Iter , 
the Orbiter payload bay doors will be closed . The Orb iter oay will 
be maintained in a class TED facility or transferred between such 
facilities in an appropriate protective cover. Temperature and 
humidity of the Orbiter payload bay will be maintained between 65 
and 80° F and between 30% and 50% respectively. Provision of 
temperature and humidity outside these limits will be the responsi" 
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bility of the manufacturer of the equipment requiring the altered 
environment but his process for obtaining it shall not adversely 
affect other equipment. A positive pressure purge of the payload bay 
with clean gas will be maintained through all subsequent operations 
until launch. Violations of these requirements will be reason for 
suspicion of contamination and the resultant action will be dependent 
upon analysis of the violation by contamination cognizant personnel. 
If so indicated by the analysis, an inspection of the assembly will 
be made and indicated cleaning or replacement performed. 

11.7.9 POST LANDING AND DISASSEMBLY 

As soon after the Orbiter lands as practicable, the payload 
bay will be purged with dean gas to establish the temperature 
and humidity environment indicated in the preceding section (Section 
11.7.8). If inspection of the Orbiter external surfaces indicates 
the presence of contamination that may have entered the payload bay 
during subsequent operations, or otherwise adversely effect a class 
(TBD) clean facility, the Orbiter external surfaces will be cleaned 
so that the payload will not be contaminated. During disassembly of 
the AMPS equipment, the contamination protection procedures practiced 
for assembly will be used. Removed items will be placed in clean 
bags or other designated enclosures and any visibly noticeable 
contamination recorded. Operators will be careful not to remove any 
visible contamination at this time. Bagged equipment will be 



returned to the appropriate owner, receiver, or facility for 
inspection, cleaning, and/or refurbishment. 

11.7.10 REFURBISHMENT 

During refurbishment of AMPS equipment the same contamination 
control procedures will be practiced as previously discussed. 

During the refurbishing process it is important that all conditions 
and characteristics of contamination be recorded for transmittal 
to the AMPS contamination control group. If at all possible, the 
contaminant should be identified as well as its effect or probable 
effect on the contaminated equipment . Refurbishment may involve 
cleaning, removal and recoating of surfaces, replacement of parts, 
and/or- the replacement of the entire piece of equipment. Refur- 
bishment of optical instruments or other delicate or sensitive 
experiment equipment will be the responsibility of the owner. 
However, this does not eliminate the requirement to record and 
forward all assessable contamination characteristics. 


12. MISSION PLANNING AND OPERATIONS DESCRIPTIONS AND REQUIREMENTS 


This section establishes the mission planning and operations 
requirements for the AMPS program. The methods of operation of the 
AMPS program V7ill be defined, the associated interfaces identified, 
top-level requirements and guidelines specified, and the overall roles 
and responsibilities established for input to; flight and operations 
planning activities, coordinated ground operations planning, and crew 
training and operations requirements. This section forms the basis 
for input to the; Baseline Operations Plans, Mission Requirements Docu- 
ment, Design Reference Mission Document, Operations Requirements Docu- 
ment, Support Instrument Requirements Document, Mission Data Require- 
ments Documents, Mission Preparation Document, Interface Requirements 
Documents, etc. 

12.1 OPERATIONS functional DESCRIPTION 

The AMPS Space lab Payload for Flight 1 is scheduled for launch 
from KSC on the STS in July 1980. The GSFC is designated as the AMPS 
Payload Mission Manager and the Payload Operations Center (POC) (Section 
12.3). A Payload Operations Control Center (POCC) will be established 
at GSFC with the prime responsibility for the command and control of 
the operation of the AMPS instruments , science data, science portion 
of the flight plan, and payload contingency operation, as shown in 
Figure 12.1-1. JSC is responsible for overall mission management and 
as such is responsible for; the total mission flight plan, overall 


contingency and emergency operations. Orbiter and Spaceiab subsystems 
management, crew safety and operation of the SIS Mission Control Center 
<MCC). As shown in Figure 12.1-1 all payload operational activities to 
be initiated by the GSFC POCC will be either pre-coordlnated with or 
routed through the JSC mission control, thereby, always maintaining a 
single point control of the overall mission. Ouring the mission a 24- 
hour comnunlcations system (i.e.. voice and data) will be maintained 
between the POCC and the MCC. 
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Figure 12.1-1 AMPS Uberaft Mission Operations Role, 

Payload operations support teams will provide technical and 
science backup to the GSFC Payload Operations Director. These support 


teams will be both co-located with the 


POCC and remotely located at the 
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contractor 's home facilities. Specific 24-hour communications will 
be required, 

12.2 MIS SION /FLIGHT OPERATIONS REQUIREMENTS 


The first AMPS mission is inclined 57 degrees to the equator and 
is eonducted at an altitude of approximately 205 kilometers. The 
flight trajectory will be oriented to produce a sunlit vehicle during 
predawn passes over Arecibo Puerto Rico on the first three days of the 
seven-day mission„ After the first three days, passes over Arecibo 
continue but the condition of a sunlit vehicle is not required. 

The 57 -degree inclination results from the requirements of the 
Minor Constituents and the other Flight 1 experiments (Section 3.2) 
to fly at the highest inclination possible within the normal Shuttle 
range from an KSC launch site. The 205 km altitude and the sun/shadow 
relationships result from the requirement of the Gravity Wave Experi- 
ment (Section 3.2) to have a gas release occur in sunlight while visi- 
ble to optical instruments located at Arecibo. These requirements 
dictate the placement geometry of the flight orbit, a launch time 
selected to produce the desired lighting (see Figures 3.2-1 and 3.2-2) , 
an altitude selection permit’ting daily passes over Arecibo, and maneu- 
vers to achieve and maintain this overflight. 

12.2.1 ORBIT SELECTION 

The AMPS trajectory design has been initiated at the time of 


external tank ejection on a 35° azimuth Shuttle launch from KSC. The 
position at this time is lat. 38,2°N, Long. 288. 7°E, Alt. 116 km, 
approximately 490 seconds after liftoff. The orbit is 36 km x 158 km, 
vhich results in external tank impact in the Indian Ocean. An Orbital 
Maneuvering System (OMS) burn is immediately required to raise this 
apogee (115.7 km) to a desirable operating altitude of 221.7 km. 

Another OMS burn is required to circularize the orbit when this alti- 
tude is reached. In this trajectory design (Table 12.2-1) these first 
two burns use the Orbiter OMS engines, while subsequent burns use the 
RCS engines . No out -of -plane propulsive maneuvers are planned -rather 
all trajectory design objectives are met by orbit period adjustments 
that time orbital passes such that the desired ground features ^^^p 
through the orbital plane at the correct time. 

The first day's objective is to bring the orbiting vehicle direct- 
ly over Arecibo on the 15th orbiw^ This is accomplished by 

maneuvering the Orbiter to an appropriate altitude , maintaining orbit 
altitude with a drag makeup maneuver, and then brxnging the Orbxter 
down to a lower operating altitude for a pass over Arecibo. The higher 
operating altitude during the first day's operations is required to 
slow the orbital period slightly so that Arecibo can rotate into the 
orbital plane on the 15th pass. A 16-orbit daily repeating pattern is 
maintained from the second day onward. Launch txme xs selected to 

achieve the desired sun/shadow relationship. 

The only maneuver objective on the second day is to maintain the 
orbital pass over Arecibo. Two drag makeup sequences are scheduled to 
achieve this objective. On the third day, a single drag makeup sequence 
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is employed. The selection of one and two drag makeup sequences per 
day was arbitrarily selected for purposes of comparison. 

The drag attitudes used in this trajectory simulation reflect 
anticipated vehicle attitudes required to perform AMPS experiments 
during the first flight. These attitudes, and the resultant vehicle 
area presented to the velocity vector, are presented in Table 12.2-2, 
A drag coefficient of = 2,2 was used for all attitudes. 

Table 12,2-2 Drag Attitude History 


TIME PROM 

LIFTOFF 

ATTITUDE 

EXPOSED 

AREA 

(Sq Meters) 



0 

6 

FRONT EXPOSED 

45.0 

6 

10 

PROFILE EXPOSED 

185.9 

10 

11 

BASE EXPOSED 

365.3 

11 

17 

PROFILE EXPOSED 

185.9 

17 

20 

BASE EXPOSED 

365.3 

20 

34 

PROFILE EXPOSED 

185.9 

34 

35 

BASE EXPOSED 

365.3 

35 

41 

PROFILE EXPOSED 

185.9 

41 

44 

BASE EXPOSED 

365.3 

44 

58 

PROFILE EXPOSED 

185.9 

58 

59 

BASE EXPOSED 

365.3 

59 

65 

PROFILE EXPOSED 

185 >9 

65 

68 

BASE EXPOSED 

365.3 

68 

82 

PROFILE EXPOSED 

185.9 








The e^i§irg§n^e of the Orbi ter from the earth *s shadow is approximately 
10° before arrival at Arecibo on the first day, reduced to approxi^ 
mately 3° before arrival on the third day. This effect is due to a 
combination of orbital regression (due to dulatfeness) and the earth's 
motion around the sun causing the orbit to regress into the ‘dawn's 
shadow. This effect is shown in Table 12,2-1, where the time of ar- 
rival at Arecibo is about 23 minutes earlier each day. Timing and pro- 
pellant required by these maneuvers are summarized in Table 12.2-1, The 
first day's maneuvers required 2375.5 kg of OMS propellant and 1069.6 
kg of RCS propellant. The large propellant requirements on the first 
day are largely associated with ascent to operating altitude, and 
phasing to reach the desired pass directly over Arecibo. They are not 
representative of drag makeup requirements. The second day employed 
two drag makeup maneuvers, while the third day was set up with only 
one. The second day required 434.5 kg of propellant, while the third 
day required only 172,0 kg of propellant. 

12.2.2 TIMELINE REQUIREMENTS 

Based on the experiment requirements identified in Section 3,0 
and Appendix A the experiment mission task times , as shown in Figure 
12,2-1 were derived. The times include setup and shutdown. The minor 
constituent experiment requires four instruments : laser sounder ; 

cryogenically cooled IR interferometer /spectrometer ; cryogenically 
cooled limb scanner; and near IR spectrometer. The Orbiter is to be 
oriented with the K axis perpendicular to the Orbit plane and the Z 


axis pointed at nadir. The laser sounder is then operated through a 
range of instrument generated conditions to collect data. Simulta- 
neously, the two cryo-cooled instruments are pointed at the limb and 
controlled via a pointing platform to perform remote measurements of 
specific atmospheric constituents. The near-IR spectrometer is also 
pointed toward the limb via a separate pointing platform and performs 
occultation measurements of the sun at both terminators. The capa- 
bility is provided to point either with or against the velocity vec- 
tor. This experiment is repeated for a significant portion of the 
flight as shown in Figure 12.2-1. 
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Day 

Day 
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19.5 

IkfB 

85.0 
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Figure 12.2-1 Experiment Mission Task Times 
The acoustic gravity wave experiment is conducted six times 
during the flight (Figure 12.2-1). The mission has been designed to 
provide the proper orbital position with respect to the observing 
ground station and for specific lighting conditions (Section 12.1). 
The gas release module is ejected from its pallet location in the 
direction of the velocity vector. The natural trajectory, based on 
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approximately 5 meters per second delta velocity, will carry the 
module to the proper position in approximately one half orbit where 
the release is commanded from thS-Spacelab /Shuttle, The path of the 
module is determined by tracking via the Orb iter provided rendezvous 
radar to determine th& axactf time for release. Observations of the 
formed gas cloud will be performed from the ground station and on- 
board the Space lab using a gimballed low-light level TV (LLTV) camera. 
The Orbiter wake mapping experiment is performed using a series 
of instruments packaged as an integrated module (Environmental Sensing 
Package , ESP) , Two modes of operation are envisioned. In the first 
mode the ESP will be extended perpendicular to the pallet by means of 
the RMS, spin up at 4 RPM,. and the Orbiter will roll about the X axis 
so that the instruments perform measurements in the ambient and Orbi- 
ter dist urbed plasma , The second mode of oper at ion recjuires ejecting 
the ESP (spinning at 4 RPM for stability purposes) from the RMS, The 
ejection is along the velocity vector and the natural trajectory will 
carry the ESP through the far Orbiter wake approximately three times. 
Continuous tracking of the ESP will be accomplished via the Orbiter 
rendezvous radar so as to obtain relative positioning data. The ESP 
i;ill be commandable from and will send data back through an AMPS pro- 
vided communicat ion link. 

The beam diagnostic measurements experiment requires several instru 
ments: electron accelerator, gas plume release, beam diagnostic group, 

low-light level TV camera and magnetometer. Diagnostic ins truments are 
packaged as an integrated module. Two modes of experimentation are 
envisioned. The first mode requires Orbiter orientation of the 


electron accelerator axi?; along the magnetic field lines, pulsing the 
accelerator, releasing a gas into the beam and viewing the beam struc- 
ture with a low-light level TV camera deployed into position by the 
KMSo For the second mode the orientation remains the same, the elec- 
tron accelerator is pulsed after positioning the diagnostics instru- 
ments in the path of the beam. Beam characteristic data will be 
transmitted by the AMPS communication link. Both modes are repeated 
three times during the flight . 

The solar flux monitoring experiment is repeated six times during 
the flight. The Orbiter will orient the axis of the instrument toward 
the sun just prior to sun rise and operate in a free-drift mode 
while measurements are in process , This data will be used to cali- 
brate free-flying satellite measurements taken for other programs. 

The EMI measurement /mapping experiment is performed using a 
series of instruments packaged in the ESP (used for wake mapping 
also) . Two modes of exper imentat ion are envisioned. The ESP will 
be deployed on the RMS and moved to various positions over the Orbiter 
payload bay. Sufficient measurements will be made to map the electro- 
static and magnetic fields within the range of the RMS, Various pay- 
load operating conditions will be investigated by performing several 
of the AMPS experiments while monitoring EMI levels and during a dor- 
mant mode. The second mode will measure the far Orbiter fields from 
ejection of the ESP (along with remote Orbiter wake measurements) un- 
til the levels become insignificant. Continuous tracking of Che ESP 
will provide location data with respect to the Orbiter /Space lab. 
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Figure 12.2-3 Instrument Timeline Days 2 and 3 
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Figure 12.2-4 Instrument Timeline Days 4 and 5 
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Figure 12.2-5 Instrument Timeline Day 6 
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Figure 12.2-6 Flight Plan - Day 1 
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Figure 12.2-8 AMPS Flight Plan - Days 4 and 5 
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Figure 12.2-9 AMPS Flight Plan - Day 6 


12,2,3 VENTING REQUIREMENTS 

venting nnd dumping constraints are regulred during the operation 
o£ the optical Instruments. Specific requirements are to be deter- 


mined. 


12,2,4 MANEUVER CONSTRAINTS 


Maneuver constraints are required during the operation of deployed 
Instruments. Specific requirements ate to be determined. 


12,2.5 SUBSATELLITE TRACKING REQUIREMENTS 


Subsatellite tracking 


and reporting requirements are necessary 


during the deployment, flight, and operation of free-flying instrument 
packages. The specific requirements are to be determined, 

12.2.6 COMMODITY USAGE REQUIREMENTS 

The AMPS Space lab payload is an active payload which requires 
commodity support by the Orbiter and Spacelab, The commodity or con- 
sumable usage profiles and requirements of the AMPS payload are as 
identified in this section. These requirements will be expanded as 
the data becomes available and will form the basis for input to the 
Orbiter and Spacelab projects. 

Electrical - The AMPS electrical power requirement for Flight 1 
are detailed and timelined on an orbit by orbit basis for each day of 
the 6-day experiment operational period in Tables 12.2,6-1, 12.2.6-2, 
12.2.6-3, 12.2.6-4, 12.2.6-5, 12.2.6-6, 12.2.6-7 and 12.2.6-8. These 
are summarized in Tables 12,2,6-9 and 12.2, 6-10, 

12.3 payload operations CENTER (POC) 

The AMPS Payload Operations Center is GSFC , who is responsible 
for; 1) performing the payload, ground and mission operations plan- 
ning and activities, and providing the AMPS payload mission manager; 

2) performing the mission/ flight planning and analysis for the AMPS 
payload and provid ing this data to the JSC for integration into the 
STS flight and operations planning; 3) providing the science expertises 
and supporting planning and operations activities; and providing science 
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Table 12.2.6-6 Electrical Power Requirements Days 4 and 5 Orbits 9-16 
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Table 12,2,6-8 Electrical Power Requirements Day 6 Orbits 9-16 
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Table 12.2,6-10 Electrical Power per Pallet Summary 































and technical data management. This function and its relationship to 
other organizations is shown in Figure 12.3-.1. 



Figure 12,3-1 Payload Operations Center (POC) 
Organizational Responsibilities 

This figure also depicts the relationship between the AMPS 
Shuttle Spacelab Payload Project (SSPP) and the POC, The SSPP is the 
organization responsible for implementing the POC for GSFC. In addi- 
tion to the POC responsibilities the SSPP is responsible for the pay- 
load instrument and FSE design, fabrication, test, and integration 
with the Spacelab elements and Shuttle Orbiter, 

12.4 PAYLOAD OPERATIONS CONTROL CENTER (POCC) 

The POCC is the GSFC facility from which the AMPS Labcraft SSPP 
will support the AMPS Spacelab payload during the flight. This flight 
support activity includes the; 1) technical and scientific support to 
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the AMPS payload specialist, 2) the identification of command functions 
which will enhance the payload specialist time and science data return 
on a real time basis, 3) perform science data management to insure that 
all payload operations Support teams have the required data on a timely 
basis, 4) perform payload contingency analysis, and 5) communicate with 
the payload specialist for experiment operations and send automated 
instrument commands to the onboard instruments , where these commands 
will not affect the operation or safety of the Orbiter/crew. Figure 
12.4-1 identifies the operations functions of the POCG at GSFC as well 
as its relationship to the MCG at JSG, Orbiter crew functions and pay- 
load specialist functions. 

Figure 12.4-2 shows the top-level organization staffing and inter- 
face between the POGG and MCG. These staffing arrangements have been 
configured to best provide the flight operations services identified 
above and in Figure 12.4-1. The interface between the POGG and the 
MCG will be primarily between the GSFC POGG Payload Operations Officer 
(POO) and the JSC MCG Pay load Off icer (PO) , Other communications 
activities will be required to solve technical problems with the vari- 
ous system disciplines , experiment operations requirements and contin- 
gency planning and Instrument Joint Operating Procedures (JOP) for each, 
exper iment . The official flight operations interchange will be between 
the GSFC Payload Operations Officer (POO) and the JSC Payload Officer 
(PO) (i.e. , mis sion/experiment /instrument /system/software action re- 
quests and responses) . 

The POGG staff (Figure 12.4-2) responsibilities are as follows : 



Orbtter Crew Functions 


Payload Specialist Functions 



Command of Flight 
Right Safety 
Orbiter/Spaceiab 
Resources Management 
RMS Operation 
EVA 


Set Up Experiment Equipment 
Operate Experiments 
Observe Results 
Alter Experiment Operation to 
Maximize Science Return 
Maintain Experiment Equipment 



Data and Voice with Payload Specialist 
for Experiment Operations 


MCC. (JSC» 

POCC WSFCI 

Shuttle Operation 

Ground-Bastd U$*r Support to Piyloid 

Spacelab Resources Management 

Specialist 

Support 

Command Functions to Enhance Payload 

Right Plan Irtegration 

Specialist Time and Science Return 

Dida & Communications Management 

Science Data Management 

Orbiter/Spacelab Contingency 

ReaKime Payload Activity Rescheduling 

Analysis 

Payload Contingency Analysis 


Figure 12.4-1 Operations Functional Relationships 


POCC - GSFC 


MCC - JSC 



Figure 12.4-2 POCC Staffing and Interface 
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1) Payload Operations Director 

Manages and directs all POCG operations 

2) Mission Scientist 

Directs science planning and establishes experiment priori- 
ties 

Directs contingency science planning 

3) Science /Technology Support Team 

Evaluate real-time and near -real -time science data 
Develop contingency science objectives 

4) Payload Activity Planning Officer 

Directs payload mission planning activities for experiments 
with payload specialists 

Maintains status of available resources . 

5) Payload Operations Support Team 

Evaluate malfunctions and develop experiment contingency 
procedures 

Perform real-time payload mission planning 

6) Payload Operations Officer 

Maintains communication interface with payload specialist/ 
MMC-JSC payload officer 

7) Experiment Officers 

Monitor and log status of assigned experiments 
Verify experiment contingency operation procedures 
Develop experiment ground commands 
Some examples of the c ommunica t ions required to the POCG are as 



1) Digital TV readout at GSFC from JSC computers 

2) Fax and phone access to JSC flight operations 

3) Video to Orbiter and JSC via Domsat 

■ ' 

4) Command link to JSC for experiment only command verification 
and clearance to Orbiter 

5) Direct link to AMPS Spacelab experiment and instrument data 

6) Real time data for Orbiter to supplement experiment and 
instrument data 

7) Flight planning displays from JSC to display same data that 
is being sent to Orbiter 

8) Experiment and instrument consumable statusing 

9) Communications between GSFC, and the KSC O&C Level III/II 
integration facility 

10) Communications between Orbiter Processing Facility (OFF) to 
C/O total communications system to the POCC at GSFC through 
the operations network 

11) CommuniGations between KSC, PHF and POCC for test data trans- 
mission for evaluation support 

The POCC operation will provide daily instrument, experiment and 
Labcraft (FSE) system status reports on the progress of the mission. 
These status reports will be used to keep management informed of AMPS 
Spacelab payload status, A copy of this report will be sent to the 
JSC MGC Payload Officer for inclusion in the daily mission status 
reports to NASA Headquarters. 
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12.5 mission OPERATIONS CONTROL CENTER (MOCC) 

The JSC MOCC is responsible for overall mission management and 
crew safety. Because of these responsibilities all communications 
and commands to the Orbiter will either be originated by the JSC-MCC 
or will be pre -cleared with the JSC Payload Officer. 

The specific responsibilities of the MCC organization and the 
support plan will be identified in the STS Baseline Operations Plan 
(BOP) as modified for the AMPS Space lab program. 

12.6 PAYLOAD GROUND COMMAND REQUIREMENT S 

The method of payload ground command operation will be determined 
by the POC, the GSFC AMPS payload project office and the JSC. These 
agreements will be determined at a later date. 

The specific payload ground command list will be determined at a 
later date. These commands will generally be specified in one of two 
categories; 1) commands to payload with no Orbiter impact, and 2) com- 
mands which have Orbiter interaction (i.e. , requiring different power 

usage profiles). 

12.7 COORDINATED OBSERVATION REQUIREMENTS 

Most of the experiments to be conducted on flight one require 
supporting measurements to be made, both from orbit and from ground- 
based facilities, required timing of the measurements, the establishment 
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TABLE 12.7-1 COORDINATED OBSERVATION REQUIREMENTS - FLIGHT 1 


EXPERIMENT 

Acoustic Gravity 
Wave 


Minor Constitueats 
Mapping 


COORDINATION REQUIREMENTS 

o Primary Are cibo radar required with real -“time data link to the Payload Operations 
Control Center and Mission Control Center. Supplementary observations from Mill- 
stone , Jicamarca, and St. Santin desired for long distance propagation studies . 

o Three portable RF sounders and three portable optical cameras for release cloud 
observations required for triangulation studies. Location to be coordinated by 
Arecibo. ^ ^ ^ ^ ^ ^ ________ 

o Me asurements of inc ident s olar ul traviole t f lux ob tained by So la r Max Satellite 
required, to establish possible solar variations for correlation with minor 
constituents data . 

o In-situ ballooh-borne flights for ’’ground-truth’* verification of key minor 
constituents desired. 

o Supporting data on cloud cover, possible stratospheric anomalies (sudden warnings , 
nbctilucent clouds^ volcanic eruptions) and other major ionospheric/ magnet ospheric 
disturbances . 


Electron Beam 
Studies 


EME/Wake Mapping 

Contaminant 

Studies 

Solar Flux 
Calibration 


0 Maintenance check on reference sample array for comparison with returned flight 
array. 

o Data ;f X Solar Max Satellite instrument required for obtaining calibration 

check. 

0 Correlation data from Solrad and Nimbus BUV instruments desired. 


of needed data links, and the availability of support personnel. A 
sumnary of the support observations required for Flight 1 are identi- 
fied in Table 12.7-1. 

12.8 CREW OPERATIONS FUNCTIONAL DESCRIPTIONS 


The basic crew composition for the AMPS Spacelab mission is shown 
in Table 12.8-1. The base skill responsibility is listed. 


Table 12.8-1 AMPS Mission Crew Composition 


Crewmen 

Skill/Responsibility 

Commander (1) 

Overall Vehicle Operations 
Personnel and Vehicle Safety 
Orbiter Maneuvers 

Pilot (1) 

Orbiter Subsystems 

Mission Specialist (2) 

Spacelab Subsystems 
Spacelab Operations 
RMS Operations 

Assist Payload Specialist In Experiment Operations 

• 

AMPS Facility 

Payload Specialist (2) 

Payload Operations 
Payload Instruments 
Science Data 
Mission Objectives 


The AMPS Spacelab payload specialists are of prime importance to 


the AMPS program as they are payload trained and can even be payload 
scientists (principle investigators). The payload specialist is the 
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of needed data links, and the availability of support personnel. A 
summary of the support observations required for Flight 1 are identi- 
fied in Table 12.7-1. 

12.8 CREW OPERATIONS functional DESCRIPTIONS 


The basic crew composition for the AMPS Spacelab mission is shown 
in Table 12,8-1, The base skill responsibility is listed. 


Table 12.8-1 AMPS Mission Crew Composition 


Crewmen 

Skill/ Responsibility 

Commander (1) 

— j — — — — 

Overall Vehicle Operations 
Personnel and Vehicle Safety 
Orbiter Maneuvers 

Pilot (1) 

Orbiter Subsystems 

Mission Specialist (2) 

Spacelab Subsystems 
Spacelab Operations 
RMS Operations 

Assist Payload Specialist In Experiment Operations 
AMPS Facility 

Payload Specialist (2) 

Payload Operations 
Payload Instruments 
Science Data 
Mission Objectives 


The AMPS Spacelab payload specialists are of prime impor tance to 


the AMPS program as they are payload trained and can even be payload 
scientists (principle investigators). The payload specialist is the 
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scientific observer, the experiment and instrument operator, and 
engineer or technician. 

As the scientific observer the payload specialist will be required 
to perceive, interpret, and report on transient or unexpected phenomena, 
as well as on normal or expected results. As the instrument/experiment 
operator he is required to interact with the experiment, control real 
time scheduling, interact with the Orbiter crew, ICC and the POCC , he 
will also be responsible for scientific data management and will inter- 
act with the AMPS scientists through the POCC. As the engineer /tech- 
nician he will also be responsible for planned and unplanned mainte- 
nance . 


Tasks 

Crewman \ 

Responsibilities \ 

Overall Vehicle Operations J 

Personnel & Vehicle Safety! 

Ortfter Subsystems 1 

i 

i 

1 

Orbiter Inflight Main! | 

Spacelab Operations 1 

i 

I 

£ 

3 

Z 

1 

1 

1 

s 

i 

FSE Operations 1 

£ 

1 

3 

U> 

Ui 

£ 

z 

1 

1 

Ui 

1 

z 

I 

1 

Instruments I 

z 

1 

1 

1 

i 

E 

5 

1 

Activitv Ptanninq 1 

.1 

1 

j 

JS 

% 

Remarks 

Commander (1) 
Pilot (1) 


P 

P 

p 

P 

S 

s 

s 

s 

1 






P 

s 

Career 
Astronaut, 
Supplied to 
AMPS by the 
STS Ops Center 

Mission Speclallsiiff 
(One Each Shlftl 


T 

S 

1 


T 

~p 

~p 

T 

T 


T 

T 

S 


y 

_C 

"s 

Payload Specialist (2) 
(One Each Shift) 


s 




s 

1 


s 

P 

T 

T 

P 

P 

1 

P 

~p 

Not Necessarily 
a Career Astro- 
naut, Supplied 
by AMPS POC 


S * Secondary Task 
C * Coordinates 
P • Prime Task 


Table 12.8-2 Crew Responsibility Assignment 
The basic crew scheduling constraints and requirements are as 
follows ; 

1) Each crewman has 8 hours of sleep in a 24 -hour period 
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The start time for sleep occurs + 1 hour of the same time 
each day 

Crewmen on each shift have simultaneous sleep cycles 
Crew handover; two 30 “minute periods each day 
Each crewman; three 1 hour eat cycles daily; none eats alone 
One six crewman simultaneous eat eye le /day 
Two hours /day onboard activity planning 
Each crewman: 30 min/day exercise 
Each crewman: 45 min/day personal hygiene 
Each crewman has 30 minutes rest and recreation daily 

12.9 CREW TRAINING REQUIREMENTS 

The training of the entire crew with respect to AMPS payload 
familiarization be the responsibility of JSC, These crew train- 

ing responsibilities are shown in Table 12,9-1. 

The training methods and tools will be detailed in later issues 
of this document but the preliminary requirements are as shown in 
Table 12.9-2, 

12 . 10 CREW TASK D^iFINITIONS 

Specific crew task definitions will include the functional defi- 
nition of each task to be performed by the crew in operation of the 
experiments or instruments. Included in these definitions will be 
crew ins tr umen t / exper iment timelines for each individual instrument 


2 ) 

3) 

4) 

5 ) 

6 ) 

7) 

8 ) 
9) 

10 ) 



and experiment. This data will be supplied at a later date 
Table 12.9-1 Crew Training Responsibilities 


Training Area 

Crewman 

Orbiter/Spacelab 
Operations & Subsystems 
(JSC Responsibility) 

AMPS -Peculiar 
(GSFC Responsibility) 

Hours 

Comma nder/Pllol 

25Weeksat4hours/day 
(500 hours) 

(JSC Number) 

Classroom (Exp) 
Classroom (FSE) 
Spacelab Simulator 
Level 1 Integration 

28 

12 

12 

20 

72 

Mission Specialist 

60 Weeks at 4 hoursfday 

U200hr) 

use Number) 

Classroom (Exp) 
Classroom (FSE) 

Part Task 

Spacelab Simulator 
Levels 1 & II integration 

28 

40 

20 

40 

40 

168 

Payload Specialist 

8 Weeks at 4 hoursfday 
(160 hr) 

(JSC Number) 

Classroom (Exp) 
Classroom (FSE) 
Part Task 

Spacelab Simulator 
Levels 1/1 M, & 11 
Integration 

Total 

28 

12 

20 

40 

80 

180 

♦payload specialist must be assigned to AMPS and be prof icient in the science area 
six months prior to flight -- — — 


Table 12.9-2 Training Methods and Tools 


Classroom 
Part Task Trainer 

7?acelab Simulator 
TesVIntegration 


Familiarize Flight Crew With AMPS Mission Objectives, 
Experiments, Instruments, and FSE 

COMS Simulator is Required to Train Crew in the Operation 
of the CDMS Without Tying up the Spacelab Simulator. A 
Minimum of 40 hours per Mission Is Required From This 
Trainer. This Trainer is Also Used as a Software Develop- 
ment Tool. 

Required to Perform Integrated Crew Training and Used for 
Simulations. Located at JSC. Required 40 hours per 
Mission. 

Identify “Crew Compulsory" Tests During Level I, II, and III 
Integration, Crew Will Gain Insight Into Equipment by 
Participating In These Tests. 



13 . DATA ACQUISITION AND DISTRIBUTION - FLIGHT SUPPORT 


The following are data acquisition requirements for the AMPS 
Flight 1. 

1) The ground payload support team located at the POCC will 
support the onboard crew in performing the tasks of pay- 
load control and data evaluation . Therefore , the acqui- 
sition of payload status data is required for use by the 
ground support team to monitor payload instrument and 
FSE status , to verify instrument operation or assist in 
the correction of abnorma 1 operat ion , and to perform 
data evaluation and suggest revised payload operation 
procedures where appropriate. 

2) Payload scientific data volume as well as multi-megabit 
and megahertz data bandwidths require use of the Orbiter - 
TDRSS link for payload data acquisition. 

3) Back-up payload data acquisition via STDN sites at S-band 
will be required. Requirements for specific sites or a 
number of sites have not yet been defined. 

4) Acquisition of tracking data from AMPS deployed instru- 
ments is required to update the package trajectories, 
allow onboard instrument pointing, and to correlate 
activities with ground observation sites. 

5) The acquisition of instrument data from deployed instru- 
ments by the Orbiter or AMPS payload is required for the 
proper control of experiment procedures by the onboard crew. 

'v: V ■ ■ ■ -'r 

4 . . - 
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The primary mode of data transfer with the Orb iter and 
payload is via the TDRSS which combines multiple signals on a 
single Ku band carrier received at the TDRST. At this point, the 
individual data signals are extracted from the carrier and dis- 
tributed in real time to remote points as required. The TDRST has 
no capacity for data storage or further' dAt a processing. This 
procedure is illustrated in Figure 13-1 which also indicates some 
of the following data distribution requirements defined for AMPS. 

1) Orbiter operational data (192 Kbps) must be transferred 
to the mission control center at J SC • Since this signal 
contains up to 6^ Kbps of payload data, an addxtxonal 
requirement exists for the transmission of these data to 
the POCC. 

The data rates involved will be compatible with 
leased landline capabilities required for the data 
interface. 

2) A further requirement exists for the transfer of all 
payload science data from the TDRST to the POCC . These 
data will fall into two categories for data processing 
purposes and will be contained in separate signals on 
the downlink carrier. One of these signals will 
contain payload status data, processed in real or near 
real time, at the POCC; and the second signal will 
consist of the remaining bulk scientific data, most of 
which can be processed off-line in delayed time . The 
Flight 1 data recovery indicates that a domestic satellite 



Figure 13-1 AMPS Data Distribution 

(DOMSAT) link between the TDRST and POCC is required 
because of data rates on the order of 15 Mbps, which 
greatly exceed expected landline capabilities. 

3) Some of the above science data will also be required 
for display at JSC (e.g., video data from deployed 
packages operating close to the Orbiter). These data 
can be transferred directly from the TDRST to JSC if 
they are separate signals modulating the carrier; or it 
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may be necessary to distribute the data from the POCC if 
it first must be extracted from a more comprehensive data 
signal . ^ ^ ^ 

4) A data link is required for the transfer of payload 
command data generated at the POCC to JSC for uplinking 
to the Orbit er /payload . 

5) Distribution of crew voice data from JSC to the POCC is 
required since a large portion of this data is related 
to payload operation- 

6) Payload orbital location can only be defined in terms of 
Orbiter location, therefore the transmission of predicted 
and actual Orbiter tracking data to the POCC is required 
to correlate payload activity with geophysical and ground 
related activities and locations. 

7) The distribution of payload orbital location and specific 
status data from the POCC to supporting ground scientific 
facilities is required. A specific example would require 
the transmission of payload location, gas release trajectory 
and gas release triggering data to ground radar sites 
observing this experiment. 

8) A back-up requirement exists for the recovery of payload 
data transmitted to STDN sites. 



14. POST FLIGHT DATA PROCESSING AND DISTRIBUTION 

Existing NASA procedures on data processing and distribution 
will be used on the AMPS Program as depicted in Figure 14-1. Post 
flight data requirements and flight support data requirements are 
implemented via a common Data Request Form (DRF) . This form can 
be generated by >a Principal Investigator, prime contractor or 
instrument developer. The DRF will provide the necessary informa- 
tion for the implementation office and review board to; 

1) Establish the validity and feasibility of implementing 
the request ; 

2) Schedule and assign required facility equipment; 

3) Establish overall cost; 

4) Identify software criteria. 

The Data Processing requirements will include; 

1) Data formats used, 

2) Data computation and software inputs, 

3) Command history, 

4) Orbital navigation and state vector data 

5) Frequency of data processing per orbit/day 

6) Corrollary data, 

7) Format of processed data (tapes, photo, printout) , 

8) Quantity of data 

9) Data recipient and delivery . point . 


The data processing requirements to be considered and the 
support required are shown in Table 14~1. Each request for data 


processing will consider these items. 

Data Request Forms will be distributed to all organizational 
elements of the AMPS Program. The distribution and collection 
schedule will be established at a later date by GSFC AMPS Project. 
All data required by users will be requested by DRFs; this includes 
activities during: 1) the ground operations Level IV, III, II and 

I integration and payload assembly; 2) Boost and orbital operations; 
3) coordinated ground observations; 4) reentry and post flight data 
handling; 5) development tests; 6) calibrations; and 7) certifica- 
tion and acceptance tests. 



Figure 14-1 Data Request Flow 
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Table 14-1 Post Flight Data Processing Requirements 
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15. POST MISSION REPOEXING 

Post night ovaluation documsotatioo and snhedulas, fill ba 
astabllshed for the AMPS Laberaft payload. The n,lnimu„ post flight 
reports will be as follows: 

1 ) Quick look reports from each instrument developer, AMPS 
prime contractor and experimenters. 

2) Final technieal reports from each instrument developer, 
AMPS prime contractor and experimenters. 

3) Final AMPS Program report from GSFC prepared by the 
AMPS prime contractor, 

4) Daily status report inputs during the mission from each 
amps contractor and Principal Investigator to the GSFC 

POCC payload Operations Office. 


16. SOFTWARE DEVELOPMENT DESCRIPTION REQUIREMENTS 


The categories of AMPS operational software support are 
illustrated in Figure 16-1. Six elements of activity are identi- 
fied, spanning the operational regime from mission planning to the 
collection and management of real time mission data and post -mission 
data analysis. The AMPS operational software is not a stand-alone 
entity as its various parts are subdivisions of existing software 
systems . 



Figure 16-1 AMPS Software Support Functions 

The AMPS software in categories (2) and (4) of Figure 16-1 
are packages within the software system being delivered for the 
Spacelab. Figure 16-2 shows the structure of the Spacelab soft- 
ware system. Three AMPS support packages have been added to the 
Spacelab deliverable items to illustrate where the AMPS support 
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software fits Into the Spacelab software picture. These packages 
will be developed in accordance with Spacelab software packages 
design specifications, to assure proper operation within the planned 
system. 



Figure 16-2 AMPS Supplement to Spacelab Software 

In other areas, the relationships are different as in category 
(3) of Figure 16-1, the payload support computer in the Orb iter 
vehicle has 10,000 words of core set aside for payload support. 
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Certain elements of AMPS mission computational support that require 
this support have been identified. This software will be developed 
by the Orbiter Project in response to the requirements of the AMPS 
Spacelab payload project. 

16.1 MISSION PLANNING SOFTWARE 

The purpose of Amps mission planning is to evolve an inte- 
grated timeline of mission activity and to generate those media 
required to input this timeline into the appropriate operational 
elements. The general fui.ctions involved in mission planning are 
aatlmed xn Table 16.1—1. Thxs is the process whereby experiment 
objectives are played against the constraints of hardware/system/ 
people limitations to come up with a realistic plan of what a 
particular AMPS flight will accomplish. Many aspects of this 
process will not be mechanized in software, but other aspects can 
and will be enhanced by a software mechanization. 

A list o.. Lhe software to be used in support ing the mission 
planning activity is also given in Table 16.1-1. With the 
exception of the Shuttle Mission Design package, all of these 
packages will be used by the AMPS prime contractor. They 
therefore comprise the "Mission Planning Softt^are Set," according 
to the definition being used in the Spacelab Software Develop- 
ment Plan. 



Experiment and instrument timelines that form the individual 
elements of the AMPS mission are evolved and integrated into the 
total mission timeline and distributed for review by the mechanized 
p'rocess. Computer utilities evolved as a part of the Spacelab 
software system through the European Space Agency (ESA) make the 
final bridge from mission planning to the operational computer 
hardware . Appropriate equipment output simulations are prepared 
as required to support the various levels of AMPS mission inte- 
gration and checkout-- -leading to launch readiness on a timely 
basis . 

The responsibilities for developing these software packages 
is shown in Table 16.1-1. JSC develops the STS mission planning 
system. ESA develops the basic Spacelab software system, which 
includes the input utilities. Both of these software elements will 
be available in advance of the AMPS support requirements . The 
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remainder of this software is to be developed by the AMPS Payload 
Project at GSFC * 

16.2 PAYLOAD INTEGRATION, TEST AND lAUNGH 

Preparation of the AMPS payload for launch requires software 
support at each step of the process shown in Table 12.2-1. The 
initial steps — instrument development and Level IV integration 
take place without benefit of the Spacelab EGSE and flight com- 
puters, as a TBD computer is used to simulate the required inter- 
faces. Level III/II integration, which physically mates AMPS 
and Spacelab, uses both the Spacelab EGSE and flight computers. 

In the Level I integration, the Orbiter flight computer and the 
Launch Processing System (LPS) computer systems will be used. 

As a consequence, the software configuration varies consxderably 
as different objectives are met with the changing computer array . 

The bulk of the software required is supplied by the Space- 
lab program and only AMPS peculiar software will be developed by 
the AMPS Payload Project. 

Initial instrument integration will be conducted by the 
instrument contractor. It is important , at this stage, for the 
instrument contractor to be assured that his data output is com- 
patibie- with the AMPS system, that his operation sequences can be 
accommodated, and that his instrument is compatible with the 
command to be issued by the AMPS software system. These objectives 
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Table 16.2-1 AMPS Payload Integration Test and Launch Software 


GENERAL rUMCTIGNS 

SOPTWARE ELEffaiTS 

SOFTWARE FUNCTIOH 

DEVELOPJCNT 

RESPONSIBILXTT 

0 Support Inattl^nt Developnent 

- Vorify InBtfuaent Control Techniques 

- 8Uul«t« Initruaent Conund/Dato Interface 

0 Support Laval XV/Ill Integration 

- Verify rilght Application Modules 

- Slaulatc Spacelab Functional I/F 
• SiauLata Orblter Functional I/F 

- frovlda Taat Stlsulus /Response Verification 

a Support Laval 11 Integration 

- Blaulata Orblter Functional I/F 

Spacelab Frovided Sets 

- ECSE Checkout 

- Electrical System 

Integration 

- Ground Checkout 

- Software Simulation* 

- Data Reduction* 

- Flight 

This represents the complete 
Spacelab operational software 
system which will be provided 
for payload Integration 

ESA 

Amps - EGSE, 

Checkout Package 

Provides Stimulus Generation— 
lasponse Monitoring Required 
To Check Out WPS Payload 

Integrating 

Contractor 

• Provide Teat Stlsailua/Responac Verlflcatloo 

0 Support Laval 1 Integration 
- Provide LP8 Interface 

AMPS - CDMS 
Checkout Package 

Provides CDMS -Resident Software 
Required To Interface With EGSE 

Integrating 

Contractor 

AMPS - Orblter 
Support Packagr 

Provide! Orblter Plight Co^>u- 
tatlonal Support For AMPS 
Experlnenta 

JSC 

AMPS Plight 
Applications Packages 

Provldes^'Mrborne Monitor end 
Control 'hjt AMPS Experiments 

Integrating 

Contractor 

AWS/LPS 

Interface 

Provides Date Required For LFS 
Monitor Of AMPS Statue 

Integrating 

Contractor 


MIto Included In 8ofcw«r« Developiwnt Support Set 


are met by simulations implemented in a central computer and 
relayed in a quasi real-time mode via telephone. 

The Level IV integration software is completely supported 
by simulations of the operating environment created on an AMPS 
host computer. The basic software required is provided from the 
Spacelab Project. The only additions required are the various 
AMPS applications packages that are required for mission opera- 
tions. The software developed for the Level IV integration is 
portable and required to be compatible with the AMPS host 
computer and the host computer at KSC. 
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Level III/II integration mates ^'>e AMPS payload with the Spacelab 
flight equipment and electrical ground support equipment. At this 
point, a realistic flight software environment for the AMPS instru- 
ments is required although the Orbiter interface will still be 
simulated. A complete stimulus /response checkout of instrument 
operation will be effected using AMPS applications packages in 
both the Spacelab flight computers and EGSE computer. Level I 
integration for the AMPS Spacelab payload software is no different 
from the flight software. Mission control response to and out of 
limits situation may vary, but the software required is largely the 
same. The only difference identified is the software link that 
reports any AMPS hazards to the launch processing system. 

The development responsibilities for the identified AMPS 
Spacelab payload integration, test and launch software are indicated 
in Table 16.2-1. ESA will supply the bulk of the Spacelab 
simulation software. JSC will provide the Orbiter AMPS payload 
su\vort software (in response to AMPS generated requirements) . 

The AMPS Payload project will supply the appropriate AMPS applica- 
tions packages. 

16 .3 ORBITER AIRBORNE AMPS SUPPORT 

The Orbiter provides AMPS experiments with their primary 
positioning/pointing, navigation/time references, and communica- 
tion links with the ground (Table 16.3-1). Requirements exist 
for the Orbiter to track and determine the orbits of subsatellites , 
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and to maneuver instruments around the vehicle. Most of these 
requirements are met by currently planned Orbiter capabilities, 
however, some require AMPS peculiar extensions of software cap- 
ability. 

Primary positioning and pointing is an integral part of the 
Orbiter capability. A payload capability is required, and is 
provided by the standard Orbiter payload support software, to close 
the Orbiter attitude control loop with a payload generated attitude 
error. 

Orbiter state data, required for AMPS pointing platform 
control and AMPS experiment data logging, will be provided by 
the standard Orbiter payload support software. Transmission of 
this data to AMPS is in the basic Orbiter mission and software 
plan. 

Standard provisions have been made in the Orbiter payload 
support software to transmit the Orbiter state data (position, 
velocity and attitude, as well as time) required by AMPS. A provi- 
sion also exists to transmit target state vector data . This 
capability will be used to transmit subsateliite orbit determina- 
tions to AMPS. 

Data required by the Orbiter to assure the safe operation of 
the AMPS payload will be entered into the PCM data stream for 
limit checking and display as backup caution and warning 
parameters . 

Relay of this data to the ground, and handling of ground 
uplink commands are also required. The AMPS experiments require 
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precise, complex movements from the RMS, and position and attitudes 
achieved by the RMS, automation of RMS movement schedules, and 
feedback of RMS state data require that the new software modules 
indicated in Table 16.3-1 be added to the Orbiter payload support 
software. 

Table 16.3-1 Shuttle Airborne AMPS Support 


CEKEIAL ruicnoNS 

ORBITER P/L SUPPORT PACKAGE 

SOFTWARE FUNCTION 

KVELOPMRirT 

nSPONSIBlLlTT 

Standard Pavload Sarvlcaa 

0 lafaranca Data 

- Ilna 

- llavit>tloD Stata 

- Attltuda 

> SubiAtalllta 
o Data Handling 

- laekup Caution & Warning 
« CoMand Uplink 

• Data Downlink 
0 Attituda Control 

Stamiacd Support Modulaa 

- Orbltar Stata Vactor 
0 Poaltlon 

o Valocicy 
o Attituda 
0 CMT/MET 

- Targat Stata Vactor 

- Payload Attituda 

- Llalt Chack 

-> CoHoand Managavant 

- TalaMtry Hanagcmant 

> Exparlmant Tag Data 

JSC 

- Subaatalllta Orbltar ParaiMtara 

- Attituda Control by AMPS Sanaora 

- Back Up Caution and Warning 

> Ground COMaod Uplink 

- Talamatry Downlink 

- Daalrad Attituda 
• AMPS Attituda Error 

AMPS Pacullar Sarvlcaa 

0 WS Manaovar Prograa 
0 IMS Stata Output 

AKPS Pacullar Modulaa 
« RMS Maoauvar Progran 

• RMS Stata Output 

- Praeiaa EMI/Elactron Baaa 
(Eti AlO Mapping 
r Exparlmant Tag Data 

JSC 

Tabular Input Paranetari 

CoaMod Schadulaa 
- RMS Manauyar Raqulrananta 

• Limit Ck Data 

Input Data Raqu trad to Kaat AMPS 
Flight Requlraamnta 

latagratlng 

Contractor 


The standard elements of Orbiter payload support software 
are being developed by JSC, as indicated in Table 16,3-1. The 
new elements of payload support software will also be developed 
by JSC, in response to these requirements. 



The payload support software is generally controlled by 
tabular inpfit data. These data are to be generated by the AMPS 
Project and subject to verification by JSC during the Shuttle 
mission design activity, 

16.4 AMPS OPEPATIOim FLIGHT SUPPOI^ 


The operational flight software will provide the capability 
of the flight crew to direct the conduct of the AMPS experiments, 
and the data time-tagging that permits post-flight reconstruction 
of data collection events . The AMPS support required includes 
tutorial information, instrument monitor and control, and 
processing decision-influencing scientific data. 

The software functions indicated in Table 16.4-1 reflect a 
required level of automation, designed to relieve the flight crew 
of non-productive tasks. An interface with the experiments is 
made through function keyboards and displays. Automated timeline 
service will be provided with a capability for the flight (or 
ground) crew to alter the timeline in response to real time events 
Routine monitoring functions will be handled automatically, with 
warnings and diagnostics provided in the event of system failures 
or unanticipated events. Routine scientific data handling is to 
be done automatically, allowing maximum crew attention to be 
given to observing and optimizing the scientific data yield. 
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Table 16.4-1 AMPS Operational Flight Support Software 


CnSRAL rUKTICMIt 

SOPTUAU tLMUrrS 

tOPTMAIS PUKTIOM 

DmLOMVT 

RtSPOMIftlLlTY 

• Pravl4tt Cr«v/Iaf«rlMac lacarfac* 
• laurfAM kU9 

fCOf/ICOt Pachagaa 
(Saharacaa fc lap Coatutara) 

Moafa Caagtitar Raaatircaa, lagat/ 
Outgat, Dlaglaya 4 Data Llaka 

tu 

• rmmmmt latarfac* 

- 

• PrwUa AuCoMCa^ TImIIm larvlca 

lafllfht Suhajracaa Chachaut 

Packataa 

(Suharataa 4 Kat Caa^cara) 

Parfara Chachaut 4 Pault laalatlaa 
af Stthayataaa, Dlaglay Statua 4 

Warataf Maaaagaa ta Craa 

tlA 

• SahatfuL* tufforc 

• Dacallatf tofuaaclat 

• NaiacaLa lafariaaac laalKh Scacua 

lafllsht Haaltor Pachagaa 
(Sufcasracaa 4 Ixf Caa^eara) 

Parlatlcallf Naaltar SalactaS Llat 
af Paraaatara, Caaigara ta Llalta 4 

laaua taaultaat Maaaataa 

tu 

• LlaiC Chacha 

• Waralat 

• ftiapMaciaa/Traclat 

a froviia laal Tlaa Data laaiUat 

• Data Tat 

• laaCl^ 

• Pracaaalaf 

a iupyort Aualllary tatarlaaBt 
ralat/Naaauvar latulraMota 

- PaUtlat Platfoni Haoataaaoc 

- OfPicar Actlc«t4a Irrar Catatattoa 

• twhaacalllca Caacral 

• MS Nacloa latulraMota 

Poaar 4 laarif MaaatMant 
Packaga 

(Suhapacaa Cm^fr) 

Prauitfa Praaaat Laval of Pavar 
Uaata aad maalaa taar|g Caaiif 
tiaa 

tu 

Kagarlaaat Packataa 

• Dlaglap Gaoaratlaa (tag) 

- Caaaad latargratar (tag) 

• Ogaraciaa Data taaa (tag) 

- DaaaUak Caaflg (tag) 

- Potaclat Raqaca (tag) 

- Polat Placfara Mat (Suha) 

- MS Ragaca (tag) 

• S«i4 Sat Mac (t^) 

Provlta tagarlaaat Dlaglaya 
latargrat tayboard Coaaanda 

Caaflgura Talaaatry Paiaata 
tatahllah Eagarlaant Patat Ragata 
Diract Eagarlaaet Polat Platforaa 
tatahllah RMS Naoauvar Saguaacaa 
Targat* halaaaa 4 Pradict tub Sata 

latagratlag 
Coat factor 


• Provl4« Seftnara IsacuCiv* C«*cr«l 

• Co^utar Tlaa Shariat 

• Nd4uU Caacral 

• Ci—arnS lacarf ratacloo 


As the total quantity of software required to support one 
scientific mission is likely to grow larger than the capacity of 
the Spacelab airborne computers, a capability of transferring 
applications modules from mass memory to computer core is 
required, and only the elements required to support a flight 
segment are resident in the computer at any one time. 

The basic management /data handling capabilities required on 
the mission are to be supplied by the Spacelab Computer Operating 
Systems (EGOS for the experiment computer, SCOS for the subsystem 
computer). CPU time sharing, reading applications modules in from 
the mass memory, keyboard and display interfaces, and data 
handling through the remote acquisition units (RAU) are all to be 
controlled by the operating systems. This software package will 
be supplied by ESA as a part of the Spacelab software system. Its 
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capabilities and interfaces are to be established by ESA and form a 
constraint on the design of AMPS application packages. 

Two of the Space lab supplied applications packages noted in 
Table 16.4-1 are of specific use in the AMPS application. The 
inflight monitor package in the experiment computer provides an 
automated means for maintaining a status check on the health of 
the Amps instruments. The power and energy management package 
provides a means of keeping track of the AMPS power usage plan. 

Command of the experiments and display of mission progress 
will be a software package designed to meet the specific needs 
of the AMPS program, using an interactive approach. 

The approach will use displays that are keyed to particular 
experiment /instrument characteristics, and function keyboard 
assignments that dovetail with the display design. The parti- 
cular approach will be developed by the AMPS Program. 

An operations data base will be supplied for use by the 
flight crew, and will include tutorial information, automated 
instrument operation sequences, and guidelines relating to overall 
scheduling of experiment operations during the AMPS mission. 

The overall flight operation will be under the direct control of 

the flight /ground crews, but maximum useful automated operational 

aids will be provided , One aspect of this support will be 

automated configuration of the downlink telemetry stream to 

support the particular experiments being conducted. Sharing the duties 

associated with pointing platform management and control has been 

assumed. The experiment computer establishes the time history 
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of platform pointing in an Earth centered coordinate system that Is 
compatible with instrument or experiment requirements/ The subsystem 
computer transforms these requirements into platform gimbal commands 
and modifies the commands using auxiliary data sensed at the plat- 
form (e.g., star trackei-s)i High data rate platform stabilization, 
using inertial sensors oh the platform, is to be accomplished by 
auxiliary stabilization devices that are a part of the platform 
system, and do not complicate the data interface with the Spacelab 
computers . 

Instruments are to be placed in remote locations in accordance 
with AMPS requirements, by the Orbiter RMS, and by subsatellites 
that are a part of the AMPS payload complement. A provision to 
generate and transmit RMS motion requirements to the Orbiter is 
to be provided. Also provisions to generate subsatellite release 
requirements (time and orientation), and to predict subsatellite 
motion based on release characteristics and/or orbiter tracking 
data is to be provided. 

These AMPS peculiar applications modules are to be used in 
the Spacelab experiment computer, except the pointing platform 
gimbal angle command module. Their development is the responsi- 
bility of the AMPS Project and their design must be compatible 
with the Spacelab operating systems that will control and schedule 
their operation. 


16.5 PAYK)AD OPERATION CONTROL CENTER SOFTWARE SUPPORT 

The POCC is charged with the responsibility of participating 
with the flight crew in maximizing the scientific return of each 
AMPS flight and for collecting, retaining and distributing this 
scientific data. This responsibility requires software for 
real time display of critical portions of the downlink data 
stream, quick look analysis of the progress of the mission, and 
real time replanning of the mission in response to the situation 
encountered (see Table 16.5-1), and the preparation and dis- 
tribution of the scientific data gathered. 

The structure of the real time support software required 
to meet POCC objectives is shown in Table 16.5-1. All downlink 
data handling and uplink commanding is to be automatically 
effected by appropriate software. The operator interface is 
critical and user language is required to give the operator 
fl.3xible control of data handling, display and processing. 

Editing tools will be required to modify the automatic 
sequences governing experiment conduct as well as provisions 
for experiment /instrument dependent applications modules to 
permit special support to be quickly and easily introduced into 
the real time data processing system. 

Offline software support to the POCC will be required for 
experiment /instrument operational analysis. The real time soft- 
ware will be derived largely from existing GSFC operational 
packages . These elements will require redesign to fit the AMPS 
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mission concepts, where a flight crew exists to support the overall 
objectives. This software development will probably be largely a 
GSFC responsibility. 

Table 16.5-1 Payload Operations Control Center Support Software 


cmRAL FvacnoKs 

development 

SOPTWAIE ELEMENTS SOFTWAIE PDMCriOM USPONSIBaiTY 

• Dflcam/DlftrLbucioo/Diiplay 

> AccSfit & Aaiwbla AMPS Data 

• Dlatrlbuta Raal Tljia, Ratantloa 

Data 

Dlaplay jProcaaa Baal Tiaa 
Support Data 

0 Quick JLook Analysia 

- Data Quality 

• laatnaaaDt EvaluatloD 

• Sclantiilc CoQcluaiona 

a CoDtlogancy PlaDaing 

- Maliuactloa UoikarcModa 

- Sclaotlfic CoDtant Kaxlaacloo 

- laacbaduIlog/OptlmUatlon 

o CoaMinii Cana ratloc- Dp link Flight 
Modification 

0 Data Archival' PazsaoaDt Rataotion 

a Sclantlflc Data Procaaalng 

• Data Convaralona 

• Group by ExparlBoot 

- Data laporta 

p PoBC Plight Analyaia 
' Malfunction Analyaia 

• Objaetiva Evaluation 

' Putura Plana Modifltcatlon 

Raaltlaa Support 

- Exacutiva EqulpaMnt MatU & Procaaa, SchadulaO 

- Talaaatry Procaaalng Dovnltnk Data Kandllog 

- data Bacorda Canaratlon Recording A Archiving 

•* Languaga Procaaaor Oparacor Dialog tntarfaca CSFC 

- Saquanca Editor Tiaalina Modification Procaaaor 

" CoaMnd Canaratlon Ganarata Uplink Pomata 

' Appllcatlona Modulaa ExparlaNnt/InacnjMnt Dadlcatad 

Off Lina Support 

Tm Analyaia Todla taqulrananta to Intagratlag 

Support Spacif le Exparlaaot and Contractor 

Xaatnaaant Objactlvaa 
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16.6 STS MISSION CONTROL CENTER SUPPORT SOFTWARE 

Three categories of AMPS data are required in the MCC AMPS 
related safety data, proposed AMPS flight profile modifications 
and AMPS command sequences required to effect the mission profile 
modifications. The required safety data is to be made available 
to the Orbiter crew in-flight through the PCM telemetry data 
stream; the same data is readily available at the MCC. Proposed 
flight profile modifications that are generated in the POCC must 
be reviewed at the MCC to assure that they do not violate STS 
constraints. After approval, the command sequences are then to be 
transmitted from the POCC to the MCC for entry into the STS 
command uplink. 

No AMPS unique software packages have been identified for 
use in the STS mission control center. Rather, it is required 
that the MCC software being developed keep AMPS interface 
requirements in mind. 

16.7 SOFTWARE DEVELOPMENT SUPPORT 

This category is that software that is required to create 
and simulate the AMPS operational software. It is a necessary 
part of the software system that must be written but does net 
form a direct part of the operational mission. All required 
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aspects of this software set are being developed by ESA, and will be 
available for production of the AMFS-peculiar software elements. 

Table 16.7-1 Software Development Support Software 


CDBIAL FRICTIONS 

DEVELOPMENT 

SOFIVARE ELEMENTS SOFTWARE FUHCTION EESPOHSlBILm 

o SoftwaM Prod iic cion 

- Coaplla/Aataabla/Chackout/ 
XatagraKa 

- load Kodula Production 

- Data Bata Ganaration & 
Malotananca 

o Data Handling 

• Ctiackouti BSI» Slaulaclon & 
flight Data Convaraion 

• Data Analptla/CorcalatloD 

0 Blaulatlon 

- tatarpratlya Coaputar Simulation 
■ - Parlpharal Equlpaant Simulation 

• latarfaca Siauiatlon 

S/U production Sat 

> Autooiatad Managanant Library Managtsent 

> Sat Intagratioo S/V Production UCllltlaa 

- Data Baaa Ganaration Chaekout Data Baaa 

•' Macro Aaaamblor (Huat) Gaoeratc Ralocatablc Binary Coda 

- Llnkaga Editor (teat) produca Loadable Hachlna Coda 

• HAL/S 360 Cpmpilar Ccmpllca HAL/S for 370 

- HAL/S CIX Co^)ilar Ponpllaa HAL/S for HITRA RSS/HS 

> Checkout Language Compllar Craataa Input for Language Interpreter 

« MACRO Aaaanbltr (CII) Generate Relocatable Binary Code 

• Linkage Editor (CII) Ccharata Loadable Machine Code 

<• ANSt/FORTRAN Compiler Generate Relocatable Binary Code 

> Mlacellanaoua Utllltlaa Utllitlaa for S/W Production On IZ5 

S/HS 

Deta Handling ESA 

- ECSE Data Baduetlou Produca Tats taaulta laporta 

^ Hpat Data Reduction Produca Teat Raault Reporta 

• PCM Analog Tapa to Digital Data Convaraion 

: Tape 

Simulation 

- I/O Box & Parlpharal Sim Slmulata CDMS Hardvara 

• SCSI Siiaulator Simulate EGSE Raaetlpna 

• Spacalab Slculator Coord Slmulata Spacclab Subayatama 

- Intarpratlva Camputar Sla SLaulata HITRA IZ5 S/MS In 370 
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EXPERIMENT REQUIREMENTS DOCUMENT 
FOR 

MINOR CONSTITUENT PROFILES 


1.0 EXPERIMENT DESCRIPTION - MINOR CONSTITUENT PROEILES 


The primary objective of this experiment is to obtain the vertical 
and latitude profiles of selected key minor constituents within the 
stratosphere/mesosphere. The observational data obtained will be used 
to study the composition, transport processes, energy budget and three 
dimensional structure of this region of the atmosphere. Specifically, 
for flight one, the data will be applied to a test of the best avail- 
able theoretical model of photochemical/transport processes. The model 
to be selected for testing will represent the best understanding of this 
important region of the atmosphere, and the observational data will serve 
to improve critical features of the model, and thus advance our knowledge. 

2.0 INSTRUMENTS /FLIGHT SUPPORT EQUIPMENT 


Instrument 
LIDAR (I-l) 

Cryo Limb Scanner (tI-7) 
Near IR Spectrometer (II-9) 
Far IR Spectrometer (II-IO) 


3.0 MISSION REQUIREMENTS 


Flight Support Equipment 

Pulse Power Supply 
Pointing Platforms (2) 
Thermal Canister 
Installation Support Launch 
Locks 


Orbital Requirements 



Altitude 

Inclination 

Launch Date 

Launch Time 

200 km or 
greater 

57^ or greater 

Summer/v7inter 

solstice 

Pre-dawn/dawn 


3.2 Scheduling Constraints 

Simultaneous instrument operation required. 

No waste/water dumps permitted during data acquisition. 

Minimize RCS thruster firings during data acquisition. 

No high power discharges during operation. 

3.3 Coordinated O p erations 

Solar calibration package operation once per day required. 

In-situ balloon-borne flights for "ground-truth” verification of 
key minor constituents data required. 

Desire supporting data on cloud cover, stratospheric anomalies and 
other major ionosphere/magnetosphere disturbances. 

3.4 Crew Requirements 

Initiate operation of battery of instruments; monitor selected data 
samples to verify proper operation. 



4.0 DATA AND COMMUNICATIONS REQUIREMENTS 


Instrument 

Type 

Data 

Band Width 

Amplitude 

Data EUte Accuracy 

LIDAR (I-l) 

Dlgltal/Analog 

10-30MHZ 

0-5V 

10 Kbps 

12 bits 

Cryo-Limb (11-7) 
Scanner 

M 

1 KHz 

O-IOV 

10 Kbps 

16 bits 

Near IR Spec- 
trometer (II-9) 

M 

100 KHz 

O-IOV 

3.8 Mbps 

16 bits 

Far IR Spectrom- 
eter (II-IO) 

** 

200 KHz 

O-lOV 

2.5 Mbps 

16 bits 


ATTITUDE, POINTING ANE 

1 STABILIZATION REQUIREMENTS 


Instrument 

Viewing Mode 

Accuracy 

Stability 

LIDAR (I-l) 

Nadir 

±1° 

0.005°/ sec 

Cryo Limb Scanner 
(II-7) 

Limb 

+0.5° 

0.003°/ sec 

Near IR Spectrometer 
(11-9) 

Sun Occultation 

+0.25° 

0.1°/ 2 min 

Far IR Spectrometer 
(II-IO) 

Limb 

+0.25° 

0.001°/ 10 sec 


6.0 ENVIRONMENTAL CONSTRAINTS 


6.1 EMI 

Laser pulsed power requirement could be severe souice of EMI to 
other instruments. 

Cryo-limb scanner, near and far IR spectrometers susceptible to 
power line surges. 

UV/VIS/NIR spectrometer susceptible to stray magnetic fields. 

6. 2 Contamination 

Contamination covers on all instruments closed during non operations. 

No RCS thruster firings, waste dumps, gas releases permitted during 
operation. 

Pre-launch dry nitrogen purge for all instruments (except LIDAR) 
desired. 

6.3 Temperature Limits 

Maintain internal instrument temperatures +5°C, external tempera- 
tures -30 to +50°C. 

LIDAR and cryogenic instruments require special cooling. 

7.0 POWER REQUIREMENTS 


Instrument 

Voltage 

Standby 

Ave • 

Max. 

Remarks 

LIDAR (I-l) 

28 DC 

40W 

5W 

5 KW 

Pulsed power 
10^ Joules/. 001 

Cyro Limb Scanner (II- 7) 

28 DC 

15W 

75W 

lOOW 

, “ ■ 

Near IR Spectrometer 
(11-9) 

28 DC 

low 

56W 



Far IR Spectrometer 
(II-IO) 

28 DC 

low 

200W 






8.0 CONTROL AND DISPLAY REQUIREMENTS 

Instrument Controls Displays 

LIDAR (I-l) Power-on/off; aperture-open/close; Status/house- 

thermal control-on/off; input cur- keeping; CRT 

rent/ voltage; pulse width and power; integrated 

alignment; dye pumps-on/off ; wave- counts vs range; 

length-select/ tune; range-limit/ operating parama- 

resolution; integration interval; ters 

calibrate 

Cryo-Limb Power-on/of f ; aperture-open/close; Status/house- 

Scanner (II-7) scan rates, range, duration; start/ keeping; cryo 
stop temp., flow 

rates, level; 

CRT radiance vs 
scan angle 

Power-on/off; aperture-open/close; Status/house- 

wavelength range/resolution se- keeping; CRT 

lect; calibrate; start/stop radiance vs 

wavelength 

Status/house- 
keeping; cryo 
temps., flow 
rates, level; 

CRT radiance vs 
wavelength 


9.0 SOFTWARE REQUIREMENTS 



Instrument commands/controls/diagnOstics 
Data' processing/distribution/displays 
platform command s/controls/maneuvers 
Instrument status/ response checks 
Orbiter/Spacelab/instrument interface control 
Navigational data link 


Far IR Spec- Power-on/off ; aperture-open/close; 

trometer (II-IO) wavelength range/resolution select; 
calibrate; start/stop 


Near IR Spec- 
trometry (II-9) 
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10. TEST, VERIFICATION AND CALIBRATION REQUIREMENTS 


Instrument 

Functional 

Performance 

Weight 
and CG 

Thermal 
Vibration Cy cling 

Leak 

Check Calibration 

LIDAR (I-l) 

Yes 

Yes 

Yes 

Yes 

Yes 

Yes 

Cryo Limb 
Scanner (11-7) 

Yes 

Yes 

Yes 

Yes 

Yes 

Yes 

Near IR Spec- 
trometer (II-9) 

Yes 

Yes 

Yes 

Yes 

Yes 

Yes 

Far IR Spec- 
trometer (II-IO) 

Yes 

Yes 

Yes 

Yes 

Yes 

Yes 

.0 COMMODITIES 







Dry nitrogen purge at pre 

and post 

-launch 

operations 




Cryogen fluids at pre-launch. 

12.0 GROUND OPER/kTIONS REQUIREMENTS 

12.1 Pre-Launch 

Instrument receipt/ checkout; performance verification tests; level 
ill/ll integration; pay load /Systems Interface verification tests. 

12.2 Post -Launch 


None required. 
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EXPERIMENT REQUIREMENTS DOCUMENT 
FOR 

ACOUSTIC GRAVITY WAVE GENERATION 
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1.0 EXPERIMENT DESCRIPTION: ACOUSTIC GRAVITY WAVE GENERATION 

Acoustic gravity waves-^consisting of low-frequency bulk wave 
motions in the upper atmosphere that propagate under the restoring force 
of the earth's gravity field — provide an important energy transfer pro- 
cess of atmospheric dynamics. This AMPS experiment is designed to study 
the generation and propagation mechanisms of these wave fields. The 
plan calls for the high-altitude (200 + 50 km) release of a significant 
amount of a neutral gas (70 kg of nitrogen) traveling at orbital velocity. 
The gas is released by a module ejected from the payload and deployed 
at a safe separation distance. The release takes less than a second and 
provides a virtual point source for the rapidly expanding gas cloud as it 
interacts with the ambient atmosphere and comes to a halt. The momentum/ 
energy pulse generates a propagative wave field observed by the back- 
scatter radar of the Aercibo Ionospheric Observatory and by a three- 
station network of RF sounders. The experiment, performed six times on 
the first flight, requires six gas release modules. 

The initial phase of the gas cloud expansion is optically observed 
both from a ground station and from the AMPS payload to study the dynamics 
of the release and interaction. The release is seeded with an optically 
active material to make the release visible to both stations, which are 
equipped with low- light- level (L^) TV cameras, 

2.0 INSTRUMENTS/FLIGHT SUPPORT EQUIPMENT 
Instruments 

Gas Release Modules (6 each) 

Optical Band Imager Photometer System (Visible/ IR imager) 

FSE 

Ejection Mechanism 

Pointing Platform 

Sun Shield 
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3.0 MISSION REQUIREM^^^ 

5. 1 Orbital Constraints 

Altitude: 200 + 50 km 

Repeating ground track over Arecibo Ionospheric Observatory 

3. 2 Scheduling Constraints 

The release operations are to be scheduled for those orbits (one 
per day) which pass over Arecibo. Lighting at the ground station opti- 
cal station requires that the sun be below the horizon (lower 10 km of 
atmosphere in shadow) but the release cloud to be in full sunlight. Two 
of the releases are to be made directly over Arecibo, two at 100 km up 
range and two at 200 km up range. 

3.3 Goordinated Operations 

Release modules must be deployed to achieve a safe separation aft 
of the orbiter prior to initiation of release. Arecibo must be scheduled 
to conduct Thompson backscatter radar observations of the ionospheric 
conditions from 1 hour before release until 6 hours after. 

The RF sounder stations (3 each) are to schedule concurrent ob- 
servations with the radar. 

The low light level TV camera ground station must be operational to 
observe the release. 

3.4 Crew Requirements 
Ejection of release modules 

Track of release trajectory using on board radar 
Operation of OBIPS camera to observe release cloud 

4.0 DATA AND COMMUNICATIONS REQUIREMENTS ^ 

a. "Arm" and **release initiation’V signals are to be transmitted 
to the release module from the orbiter. 

b. Video from the OBIPS camera on board the orbiter are to be dis- 
played to the crewman in order to enhance picture quality by means of 
focus and pointing adjustments during the observation period. 

c . The video data is to be returned to ground for analysis but 
does not require real-time display on the ground. 


5.0 ATTITUDE, POINTING AND STABILIZATION REQUIREMENTS 

a. During the ejection of the gas release modules the orbiter must 
point in the prescribed direction to get the required deployment orbit. 

b. During initial phase of the deployment the release module must 
be tracked by on-board radar to establish the deployment orbit trajectory 
parameters. 

c. At release, the orbiter must be in an attitude which will per- 
mit the OBIPS camera to view the release zone. 

6.0 ENVIRONMENTAL CONSTRAINTS 
None 

7.0 POWER REQUIREMENTS 



Usage 


Amount 

a. 

Thermal control of release modules prior 
to deployment 

28 vdc 

TBD 

b. 

Ejection Mechanisms 

Pyrotechnic 

TBD 

c. 

OBIPS Camera 

TBD 

TBD 

d. 

RF Command Receivers (on each release 
module) 

Battery 

TBD 

e . 

Release Initiator (on each release module) 

Battery 

TBD 



8.0 CONTROL AND DISPLAY REQUIREMENTS 


Function 

Power Up/ 
Checkout 

• 

f— 1 

o 

Experiment 

Operation 

Control 

Type 

Discrete 

or 

Analog 

Display 

Type 

Discrete 

or 

Analog 

GAS RELEASE MODULES 






(6 ea.) 






Main Power (On/Off) 

X 



D 

D 

Module Select 



X 

D(6) 

D(6) 

Timer (On/Off) 



X 

D 

D 

Time Delay 



X 

A 

A 

Arm/ Safe 



X 

D 

D 

Detonate/Safe 



X 

D 

D 

OBIPS CAMERA 






Main Power (On/Off) 

X 



D 

D 

Aperture Door (Open/ 

X 



D 

D 

Close) 






Sunshield (Extend/ 

X 



D 

D 

Retract) 






H.V. (On/ Off) 

X 



D 

D 

Calibration (On/Off) 


X 


D 

D 

Gain 



X 

A 


Focus 



X 

A 


Frame Blate 



X 

D(m) 

D(m) 

Start/ Stop 



X 

D 

D 

Magnification (Zoom) 



X 

A 


Video Display 



X 


Video 


Remarks 


All Commands 
RF 


TV Monitor 


9.0 SOFTWARE REQUIREMENTS 


Software will be required to predict the release initiate times 
based on extrapolated orbit predictions from the relative trajectory 
measurements made by the on-board radar during the early stages of the 
module deployment. 

This knowledge must also be used to predict the proper pointing 
angles for the OBIPS camera platform. The camera must have the re- 
lease in its field of view to assure that the crucial early phases of 
the release are recorded. 
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10.0 TEST, VERIFICATION AND CALIBRATION REQUIREMENTS 
Verification of proper filling of module tanks is required. 

11.0 COMMODITIES 
None required. 

12.0 GROUND OPERATIONS BIEQUIREMENTS 

12.1 Pre-Launch . 

Module tanks will require charging with the release gas and opti 
cal seed materials. 

12.2 Post-Launch 


No requirements. 



APPENDIX A-3 

EXPERIMENT REQUIREMENTS DOCUMENT 
FOR 

ELECTRON BEAM STUDIES 



A-3-1 


1.0 EXPERIMENT DESCRIPTION: ELECTRON BEAM STUDIES 

Energetic charged particle beams are an important tool for many 
areas of AMPS magnetospheric experimentation. A primary objective of 
Flight 1 is to determinjs the operating characteristics of the electron 
beam from the orbiter. This investigation is performed using two modes, 
both of which utilize the electron accelerator. In mode 1, just prior 
to firing the electron beam along they +Z axis of the orbiter, a plume 
of nitrogen gas is released by a pallet-mounted gas release system. As 
the plume disperses, the electron beam is fired through it. Inter- 
actions of the energetic electrons with the nitrogen molecules give a 
visible indication of the beam structure and charaeteristics against a 
dark sky background. The beam is observed by the onboard-directable 
low-light-level TV camera mounted on the end of the remote manipulator 
system. Relative pitch angles of the beam with respect to the geomag- 
netic field vector are monitored by a vectot magnetometer also mounted 
on the RMS to reduce the effects from orbiter^^generated magnetic fields. 
The TV camera is also used during this mode to observe the orbiter for 
any visible corona-type indications of high electric fields caused by 
charge buildup. These indications are correlated with vehicle poten-^ 
tlal measurements made by the mode 2 beam diagnostic package, which in- 
cludes a Faraday cup to measure beam current, an electrostatic analyzer 
to measure particle energies, and a plasma potential probe. The beam 
direction with respect to the magnetic field, as in mode 1, is monitored 
and controlled by the fluxgate vector magnetometer. Mode 2 relies on 
monitoring instruments inserted into the beam and does not require dark 
conditions* It should be noted that all of the diagnostic instruments 
for both modes 1 and 2 are combined into a single instrument module 
mounted on a 2.5-meter extension boom for deployment by the RMS. 

2.0 INSTRUMENTS/FLIfflT SUPPORT EQUIPMENT ^ ^ 

Instrument FSE 

Electron Accelerator Capacitor Bank 

Power Processor 

Gas Plume Release System 
OBIPS Camera (low light level 

UV/visible imager unit) Remote Manipulator System 

Vector Fluxgate Magnetometer Extension Boom for equipment 

j'' a rad ay Cup mounting 

Electrostatic Analyzer 
Plasma Potential Probe 


j 
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3.0 MISSION REQUIREMENTS 

3.1 Orbital Requirements 

arc no specific reijuireinents cn altitude, inclination, launch 
date or time. Preferably these parameters should fall within typical 
anticipated range for missions where experimental usage of the electron 
accelerator is planned. 

3.2 Scheduling Constraints 

Mode 1 - Full dark conditions are-required for viewing the low light 
level phenomena. 

Performance of the experiment is to be scheduled for areas of 
electron density ranging from highest to lowest available. 

Mode 2 - Dark conditions not required for mode 2. 

Performance to be scheduled over a range of electron densities (same 
as mode 1) . 

3.3 Coordinated Operations 

No coordination is required other than on-board operations. 

Mode 1 - Release of the gas plume must be made a short interval 
(TBD) before the beam is fired. 

Observation of beam structure is made by means of the OBIPS camera 
on the RMS extension boom. 

Observations are also to be made of orbiter surfaces using the 
OBIPS camera to look for corona discharge effects. 

Mode 2 - During firing of the E-beam, the beam cross section is to 
be mapped by means of the diagnostic instrument package deployed on the 
RMS extension boom. 

3.4 Crew Requirements 

Mode 1 - Set up of proper configuration of OBIPS camera deployed 
on RMS to observe the beam and corona effects. 

Operation of camera and RMS controls to optimize viewing and cover 
the complete field of view required. 

Mode 2 - Same set up requirements as mode 1. 

Operation of RMS controls to map the beam structure. 

Observation of diagnostic instrument data display to optimize settings 


4.0 DATA AND COMMUNICATIONS REQUIREMENTS 
Digital Data - 27 kbps 

Wide Band Analog «- 3 channels 1 kHz, 100 kHz, 1 MHz 
Video Data - 4 MHz 

Data from the OBIPS camera and diagnostic instruments on the RMS 
extension boom will require either a hardwire cable or an RF trans- 
mission link to couple the data into the Orbiter/Spacelab Command and 
Data Management Subsystem. 

5.0 ATTITUDE, POINTING AND STABILIZATION REQUIREMENTS 

E-beam axis to be pointed to within 10 degrees of parallel to the 
B vector as measured by the vector fluxgate magnetometer for both modes 
1 and 2> ^ 

6.0 ENVIRONMENTAL CONSTRAINTS 
TBD 

7.0 POWER REQUIREMENTS 



Type 

Avg. 

Max, 

Electron Accelerator 

28 vdc 

(input to H. V. 
Power Supply) 

5 kw 

210 

OBIPS Camera 

28 vdc 

116w 

160 

Faraday Cup 

Electros tatic Analyzer 
Langmuir Probe 

28 vdc 

23w 

23w 


8.0 CONTROL AND DISPLAY REQUIREMENTS 


Instrument 

Electron Accelerator 


OBIPS camera 

Fluxgate Magnetometer 
Faraday Cup 

Electrostatic Analyzer 

Langmuir Probe 

9.0 SOFTWARE 


Controls 

Power, aperture door, 
bank voltage, pulse 
width, current mode, 
pitch angle, beam di- 
ameter , start/ stop 


On/ of f , focus , zoom 


On/ off 

On/off; grid poten- 
tials (2) 

On/off; sweep voltage 


On/ of f ; mode (V vs^ I 
or V vs t) , voltage 


Display 

Digital; Power (on/ off) 
door (open/close) , 
voltage mode, pulse 
width, current mode, 
pitch angle mode, 
start/stop. 

Analog ; Bank voltage, 
pitch angle. 
Oscilloscope ; Voltage 
vs time, current vs 
time. 

Digital ; on/of f 
Analog; focus, zoom 
Video : camera f . o. v. 

None 

Digital : on/off 
Oscilloscope : Grid 
potentials 

Digital : on/ off 
Oscilloscope : sweep 
voltage, current 

Digital : on/ off, 
mode 

Oscilloscope : voltage 
vs current, voltage 
vs time 


Software is required to provide attitude information for orbiter 
pointing based on the B field vector as measured byafluxgatemagnetO' 
meter deployed on the RMS. 

10.0 TEST, VERIFICATION AND CALIBRATION REQUIREMENTS 

Testing of the electron accelerator operation must be verified 
prior to level IV integration as the unit cannot be operated except in 
a vacuum chamber. 


11.0 COMMODITIES 


Nitrogen gas is required for the gas plume system 
12.0 GROUND OPERATIONS REQUIREMENTS 
No unique requirements. 
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APPENDIX A-4 

EXPERIMENT REQUIREMENTS DOCUMENT 
FOR 

EMI FIELD MAPPING 


1 . 0 EXPERIMENT DESCRIPTION - ELECTROMAGNETIC INTERFERENCE (EMI) MAPPING 


EMI field mapping determines the electromagnetic noise environment 
of the combined orbiter and AMPS spacelab payload. This information is 
essential for planning high-sensitivity experiments in later flights. 

The close-in space about the payload bay is mapped by a diagnostic EMI 
package deployed and traversed on the RMS. After the close-in mapping 
is completed, this module is ejected from the payload as an environmental 
sensing probe to obtain a profile of the EMI field at greater distances. 

2.0 INSTRUMENTS /FLIGHT SUPPORT EQUIPMENT 

This unit (III-25) is an integrated set of instruments, packaged 
as a unit, for determining EMI characteristic signatures of the orbiter/ 
spacelab system and individual AMPS instrument contributors. This pack- 
age consists of an electric field dipole antenna, a fluxgate magnetome- 
ter, a B-field ferrite loop, a Langmuir probe and an electrostatic analy- 
zer. The flight support equipment consists of the structural housing and 
instrument mounting brackets of the Environmental Sensing Package (ESP), 
a spin up and ejection mechanism, a launch lock device, antenna deploy- 
ment mechanisms, and the supporting power, data handling and communica- 
tions hardware incorporated in the ESP. An end effector for RMS mating 
and handling is also included as part of the ESP. 

3.0 MISSION REQUIREMENTS 

3 . 1 Orbital Requirements 

No special orbit requirements. 

3.2 Scheduling Constraints / 

It is desirable to develop an operational sequence of all major 
orbiter/ Spacelab/ payload instruments to be sequenced in a deliberate 
and systematic on/off manner in order to locate and obtain the contribu- 
tions and specific signatures of each system to the EMI environment. 
Continuous operation is thus required from initial orbital operations 
to deployment of the package for distant mapping purposes. 

3.3 Coordinated Operations 

An operational log of all orbital activities will be required in 
order to identify measured EMI contributions to their sources and loca- 
tions. 

3.4 Crew Operations 

Crew involvement in the mapping operations is required by employing 
the unit on the RMS. After deployment, tracking and communications will 
be required, to verify operation. 


4.0 DATA AND GOMMUNICATIONS REQUIREMENTS 

Data 

Instrument Type Bandwidth Amplitude Data Rate Accuracy 

EMI Instrument Analog 200 Hz - - 0.17o 

Package (111-25) 

5.0 ATTITUDE, POINTING AND STABILIZATION REQUIREMENTS 

Knowledge of the EMI package spin axis to +5° with respect to 
orbiter X-axis and local B- field vector is required. 

Positional accuracy for near field mapping is required to +0. 1 
■meters., 

6.0 ENVIRONMENTAL CONSTRAINTS 

6.1 EMI 

The sensitivity limits of the package are 0.01 yt<V/m/H 2 ^ on the 
radiated E-field and 0.003 pT/Hz^ on the radiated B-field. DC levels 
are 10”^ V/m and 10 nt respectively. 

6.2 Contamination 

The Langmuir probe and electrostatic analyzer are sensitive to 
organic vapors, 

6.3 Temperature Limit s 
-30°C to +50°C 

7.0 POWER REQUIREMENTS 

The entire EMI package requires 10 Watts of power and employs 
voltages at 28 vdc. 

8.0 CONTROL AND DISPLAY REQUIREMENTS 

Control of the location/position of the ESP package on the RMS is 
required. 

Display data on digital CRT after processing by Spacelab computer. 


9.0 SOFTWARE REQUIREMENTS 

Goramand/controi function of the rmc 
mechanisms, and the tracking antenna are ’required deployment 

Require processing of analog data for digital CRT display, 
position data handling and proceskn| 1^ raqSre?®”‘°“°" 

10.0 TEST, VgRIFICAllON ASD CALIBEAIIOK REQUIREMEotS 

Perform functional performance, weieht anH -u 
cycling, and systems interface tests rai K . . ®» thermal 

facility Will be required!^ • in shielded EMI 

11.0 COMMODITIES 
None required, 

12.0 GROUND OPERATIONS REQUIREMENTS 

12. 1 Pre-Launch 

Integratxon of inst ruinents fq'd ^ 

tests* and payload integration tests will be^e^irel verification 

12.2 Post-Launch 

dnsitaM:“'’"“'’" 'h- “-Ullel EMI test facility Is 
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EXPERIMENT REQUIREMENTS DOCUMENT 
FOR 

ORBITER WAKE MAPPING 


1.0 EXPERIMENT DESCRIPTION: ORBITER WAKE MAPPING 


An understanding of the plasma wake characteristics of the orbiter 
a foundation for the planning' of plasma wake experiments 
heduled for later AMPS flights. The primary variable in the experi- 
ment rs the relative attitudes and location of the orbiter and the diag- 
nostic instruments. These instruments are to be deployed on the RMS to 
perform the close-in mapping, and the same package is to be ejected 
along a specific trajectory which will cause it to sweep through the 

The same group of instruments used 

for EMI mapping will setye this experiment also with the addition of a 
planar retarding potential analyzer and a neutral mass spectrometer. 


2.0 INSTRUMENTS /flight SUPPORT EQUIPMENT 


Instrunients 

•E-Field Power Spectral 
Density Analyzer 

Same •B-Field Antenna and Receiver 
as •Langmuir Probe 

EMI •Ion Mass Spectrometer 

•Vector Magnetometer 
•Planar RPA 

•Neutral Mass Spectrometer 


' FSE: . 

* instruments packaged into a 
deployable Environmental Sensor 
Package (ESP) with required support 
systems. 

• Remote Manipulator System 



3.0 MISSION REQUIREMENTS 

3. 1 Orbital Requirements 


There are no specific requirements for attitude, inclination, 
launch date or time. Preferably these parameters would be typical for 
later missions on which this type of experiment is planned. For far- 
field mapping a deployment trajectory is required which will cause the 
ESP to traverse the orbiter wake at distances between 0.5 km and 4.0 km. 

3.2 Schedule Constraints 


The close in mode of wake mapping should be scheduled for perform- 
ance under varying conditions of high and low electron density, dark 
and sunlight conditions. 

The far-field mapping can be performed when most convenient to 
flight scheduling. 

3.3 Goordinated Operations 

No requirements for anything other than on-board operations. 

3.4 Crew Requirements 

During the close-in mapping mode, the crew will be required to con- 
trol the maneuvering of the orbiter (slow roll about the X axis with 
XPOP) while the ESP package of sensors is deployed on the RMS at maxi- 
mum extension. 

During the far-field mapping mode the cteyr will be required to eject 
the ESP in the required direction to produce the desired trajectory. 

When the ESP is approaching the wake traversal the Orbiter must be put 
into an attitude with X perpendicular to the velocity vector to produce 
the maximum wake. 

4.0 DATA AND COMMUNICATION REQUIREMENTS 

The requirements of this section are the same as for the EMI mapping 
experiment with the addition of the planar RPA, and the neutral mass 
spectrometer. 

Total digital is 16 kbps. 


5.0 ATTITUDE, POINTING AND STABILIZATION REQUIREMENTS 


During the close'^in mapping the orbiter must be in an attitude 
with the X-axis perpendicular to the orbit plane and with the ESP at 
maximum extension on the RMS A slow roll is initiated which will 
cause the ESP to sweep through the wake and into the ambient plasma. 

The roll rate is to be as rapid as is compatible with shuttle operating 
constraints. 


During far-field mapping the orbiter is to be oriented with the X 
and T axes perpendicular to the velocity vector prior to and during 
traversals of the wake by the ESP. The payload bay is to point back 
along the orbit path. 

The ESP package is required to rotate at about 4 rpm to scan the 
instruments through all angles with respect to the velocity vector. 

6 . 0 ENVIRONMENTAL CONSTRAINTS 

During close-in mapping all emissions from the orbiter are to be 
inhibited. Thruster firings are to be kept to a minimum consistent 
with maintaining the required maneuver rate. 

During far field mapping all emissions are to be inhibited during 
intervals when they might affect the wake being measured. 

7.0 POWER REQUIREMENTS^ ^ 

Same as for the EMI mapping experiment with the addition of the 
planar RPA and neutral mass spectrometer. These instruments will re- 
quire power support from the ESP system. 


Instrument 

Type 

Avg. 

Max 

Planar RPA 

Battery 

5w 

5w 

Neutral Mass Spec. 

Battery 

40w 

40w 


8.0 CONTROL AND DISPLAY REQUIREMENTS 

Same as for the EMI mapping experiment with the addition of the 
instruments below; 


Instrument 
Planar RPA 

Neutral Mass Spec. 


Controls 

Power (on/off) , grid 
potential (3) 

Power (on/off), mode, 
sensitivity, calibra- 
tion mode, scan volts 


9.0 SOFTWARE REQUIREMENTS 


Display 

Digital ; power 

Analog; grid potential 

Digital : power, mode, 
sensitivity, cal mode 

Analog; scan voltage, 
count rate 

Plot ; counts vs mass 
no. counts vs time 


TBD 


10.0 TEST, VERIFICATION AND CALIBRATION REQUIREMENTS 
TBD 

11.0 COMMODITIES 
None required 

12.0 GROUND OPERATIONS REQUIRE^M^ 

12.1 Prelaunch 


No unique requirements . 


12.2 Post Landing 

No requirements. 


APPENDIX A-6 "" I 

EXPERIMENT REQUIREMENTS DOCUMENT 
FOR 

SOLAR FLUX CALIBRATION MONITOR 


A-6-1 


1.0 EXPERIMENT DESCRIPTION - SOLAR FLUX CALIBRATION MONITOR 

The purpose of this experiment is to provide a secondary calibra- 
tion of the solar flux instruments deployed on other automated satel- 
lites. An array of spectrometers covering the spectral range 300 to 
3000 angstroms is included on AMPS flight one. These instruments are 
bore-sighted with a sun tracker and mounted on a limited-range gimbal 
that permits the arbiter to be put into a free drift mode while the 
solar measurements are made, at the desired rate of once per day. 

These instruments also support the minor constituent profiles ex- 
periment. As indicated in the minor constituents discussion, the solar 
ultraviolet flux and its possible variations, either differential or 
absolute, are important to the photochemistry and thermal structure of 
the stratosphere/mesosphere. In order to study correlations of rele- 
vant atmospheric parameters with possible solar flux variations, the 
calibration monitor is operated in coordination with the other remote 
sensing atmospheric instruments. 

2.0 INSTRUMENTS/FLIGHT SUPPORT EQUIPMENT 

Instrument Flight Support Equipment 



Spectrometer Array (IV- 1) 

Installation Support 

3.0 

MISSION REQUIREMENTS 



3. 1 

Orbital Requirements 




Altitude Inclination 

Launch Date 

Launch Time 


200 km or Any 

greater 

Summer/winter 

solstice 

Day time 

3.2 

Scheduling Constraints 




No RCS thruster firings permitted. No waste/water dumps permitted. 
Operation required once per day at orbital local noon. 

3.3 Coordinated Operations 

Solar Max satellite data to be correlated. Data from Nimbus BUV 
and Solrad measurements desired for comparison. 

3.4 Crew Requirements 

Perform sample check of data to verify operation. 


4.0 DATA AND COMMUNICATIONS REQUIREMENTS 


Instrument 

Type Bandwidth 

Amplitude 

Data Rate Accuracy 

Spectrometer 

Digital/ 

0-5V 

1.6 Kbps 16 bits 

Array (IV-1) 

Analog 




5.0 ATTITUDE, POINTING AND STABILIZATION REQUIREMENTS 



Instrument 

Viewing Mode 

Accuracy 

Stability 


Spectrometer 

Solar 

+1° 

Free drift. 


Array (IV-1) 



hard mounted 

6.0 

ENVIRONMENTAL 

CONSTRAINTS 



6.1 

EMI 





Susceptible to 

( power line surges. 



6.2 

Contamination 





Contamination covers closed during non-operations. No RCS thruster 
firings, waste/water dumps, gas releases penuitted during operations. 

6.3 Temperature 

Maintain internal instrument temperatures to +5°C. 

7.0 POWER REQUIREMENTS 

Instrument Voltage Standby Ave. Max. Remarks 

Spectrometer Array 28dc 0 8w 8w - 

(IV-1) 

8.0 CONTROL AND DISPLAY REQUIREMENTS 

Instrument Controls Displays 

Spectrometer Array On/off CRT of sample spectra 

(IV-1) High voltage select Housekeeping monitor 


A-6-3 


9.0 


SOFTWARE REQUIREMENTS 


9.1 Functions Required 

Instrument coiranands/controls/diagnostics 
Data Processing/distribution/displays 
Platform commands/controls/maneuvers 
Status/ response checks 

Orblter/Spacelab/instrument interface control 
Navigational data link 

10. 0 TEST, VERIFICATION AND CALIBRATION REQUIREMENTS 

Spectrometer array requires systems level tests Gonsisting of 
functional performance, weight and CG check, vibratioh, thermal cycling, 
leak checks, and pre-launch calibrations. 

11.0 COMMODITIES 

Dry nitrogen purge at p re -launch and post launch operations. 

12.0 GROUND OPERATIONS REQUIREMENTS 

12.1 Pre-launch 

Instrument receipt/checkout; performance verification tests, final 
calibration; level IIl/II integration; payload/ systems interface verifi- 
cation ■"tests#, ,.■■■/..■'■. 

12.2 Post-launch 

Instrument demate; verification check; storage/shipping preparation. 


APPENDIX B 


ABBREVIATIONS AND ACRONYMS 



X 

AIO 

Alt. 

AMPS 

APCS 

ATE 

Avg. 

B 

BOP 

C 

CCTV 

C&D 

CG 

CPU 

CRT 

Cryo. 

CUM. 

cw 

Deg. 

Dia. 

Dlst. 

DMS 

DOMSAT 

DRF 

E; 

E 

EGOS 

EGSE 

EIS 

Elect. Accel 

EMI 

EPDB 

EPDS 

ESA 

ESP 

EXP 

EM 

FOV 

fse 

GFP 

GMT 

GN&G 

GSE 

GSFc ; 

HD 

Hr: Min: Sec 

HX 

HZ 


Angstrom 

Orbital Interface Adapter 
Altitude 

Atmospheric, Magneto spheric, and Plasma in Space 

Attitude Pointing and Control System 

Automatic Test Equipment 

Average 

Magnetic Field 

Baseline Operations Plan 

Centigrade 

Coefficient of Drag 

Closed Circuit Television 

Controls and Displays 

Center of Gravity 

Central Processor Unit 

Cathode Ray Tube 

Cryogenic 

Cumulative 

Caution and Warning 

Degree 

Diameter 

Distance 

Data Management System 
Domestic Satellite 
Data Request Form 
Electric Field 
East 

Experiment Computer Operating System 
Electrical Ground Support Equipment 
End Item Specification 
Electron Accelerator . 

Electromagnetic Interference 

Electrical Power Distribution Bus 

Electrical Power Distribution System 

European Space Agency 

Environmental Sensing Package 

Experiment 

Frequency Modulated 

Field of View 

Flight Support Equipment 

Feet 

Government Furnished Property 
Greenwich Mean Time 
Guidance Navigation and Control 
Ground Support Equipment 
Goddard Space Flight Center 
Head 

Hours, Minutes, Seconds 

Heat Exchanger 

Hertz: 


B-2 

ORIGINAB PAGE IS 
OP POOR QUALITY 


lECM 

I/F 

I/O 

IR 

Jett. 

JOP's 

JSC 

K 

Kbps 

Kg 

Km 

KSC 

Kw - hrs 

lbs 

L/L 

LPS 

L TV 

m 

Max 

Mbps 

MCC 

Min. 

MMC 

MMSE 

MPM 

M/ s ,M/ sec 
MSRD 
MUX 
N 

NASA 

OBIPS 

O&C 

OMS 

OFF 

PCM 

PGR 

PGE 

PHF 

PIG 

p/LARS 

PO 

POC 

POCC 

WO 

PS 

Psi 

PSS 

Pwr 

RAU^ ^ 

RCS 


Induced Environmental Contamination Monitor 

Interface 

Input/ Output 

Infrared 

Jettison 

Joint Operating Procedures 
Johnson Space Center 
Thousand 

Kilabits per second 

Kilogram 

Kilometer 

Kennedy Space Center 
Kilowatt - Hours 
pounds 

Launch and Landing 
Launch Processing System 
Low Light Level Television 
Meters 
Maximum 

Megabits per second 
Minimum 

Martin Marietta Corporation 
Multi-use Mission Support Equipment 
Miniature Pointing Mount 
Meters per second 

Mission Support Requireitients Document 

Multiplexer 

North 

National Aeronautics and Space Administration 

Optical Band Imager and Photometer System 

Operations and Checkout 

Orbital Maneuvering System 

Orbiter Processing Facility 

Pulse Code Modulated 

Payload Changeout Room 

Perigee 

Payload Handling Facility 
Pyrotechnic Initiator Gontroller 
Payload Attitude Reference System 

Pay load Officer 

payload Operations Control 

Payload Operations Control Center 

Payload Operations Off iee 

Power Supply 
pounds per square inch 
Payload Specialist Station 
Power 

Remote Acquisition Unit 
Reaction Control System 


RF 

RKS 

RPA 

rpm 

SCOS 

SIPS 

S/L 

Spec. 

SPF 

Sq- 

SSPP 

STS 

TGS 

TDRSS 

TDRST 

TM 

TV 

UV 

VAB 

Vac 

Vdc 

W 

W-H 

WTR 

Xmitter 

XPOP 

ZLV 

fld/e 


Radio Frequency 

Remote Manipulator System 

Retarding Potential Analyzer 

Revolutions per minute 

Subsystem Computer Operating System 

Small Instrument Pointing System 

Spacelab 

Specification 

Spacelab Processing Facility 
Square 

Shuttle Spacelab Payload Project 

Space Transportation System 

Thermal Control System 

Tracking and Data Relay Satellite System 

Tracking and Data Relay Satellite Terminal 

Telemetry 

Television 

Ultraviolet 

Ve r t i c a 1 As s emb ly B u i Id ing 
Volts alternating current 
Volts direct current 
Watts 

Watt Hours 
Western Test Range 
Transmitter 

X-axis perpendicular to orbital plane 
Z-axis in local vertical 
Absorption to emissivity ratio 
Delta velocity 

micro amperes per square centimeter 
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